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Preface

Geldratt states that the areatest compliment one can
alve ls to call somethlng common sense -- whlch means no
more or less than that It meets the tests of loglc and
experlence lIntuitlvely. Cybernetics Indeed reeks of common
sense. However, one [s cautioned not to belleve that its
userulness is thereby lessened ... the power of the theory
to provide a basis for proactive management appears strong
and promising.

Management cybernetics |s a young, cross-discipllnary
science -- proven by the mathematics of logic, set theory,
ana statistics -- developed by students of communication,
biology, statistics and mathematics, as well as management
-- to provide a means of making truly Informed decislions
regardlng any system too complex to fully determine Iits
every pehavior.

Appllcatlons of cybernetlic thought have been
Implemented within governments and Institutions around the
globe: however, |t may well demand more of an lnvestment of
creativity and change to gain wide spread acceptance.
Although I have not yet studlied the mathematical basis of
the theory, and feel that I have only begun to understand
the means to apply cybernetics usefully, I am convinced
that cybernetics offers unmatched richness and lnsight.
Does that statement mean that I am biased? Perhaps, but
biased by my own experience with its application to and
usefulness in everyday life ... and the greater insights
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these experiences have provided. 1 encourage the skeptic
to read, at a minimum, Platform to Change by Stafford Beer,
and perhaps Appllcatjons of the VSM edited by Raul Espejo
who worked with Beer in Chile, and try its thoughtful
applicatlion to your own experlences before you reject
either the theory or Its applicablility to the real world.
It is my fervent hope that others will accept the
challenge of cybernetic study and add to the knowledge of
its application to the US government which I have barely
begun. I believe the warnings for us are strong and
frequent ... and pray there is enough time to heed them.
There are several people to whom I am deeply lndebted
for their wisdom, guidance, and support during this
research endeavor. First, to the TEACHER who introduced me
to the ideas of Stafford Beer and my thesis advisor, Dan
Reynolds: a heartfelt thanks for the challenge and
enthusiasm ... truly inspired me to learn and grow. In
addition, I never would have made it this far without the
continual support, inspiration, and guidance of my
col league and friend, Dan Vore, whose intultlve grasp of
the complexity, patience, ability and willingness to guide
me clearly and gently in pursuit of knowledge and truth,
and beljef In me made all the difference. Lastly, and most
importantly, I thank my husband, Bruce, for his love,
tolerance, and understanding throughout the last year and a
half as I struggled to learn enough to complete this effort

-- I know it was neither easy or fun -- I am most Indebted.
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Abstract

P ¢

)
This =fPort considered the application of management

cybernetics principles of organlzational structure and
tools of measurement and analysls espoused by Stafford

Beer. in concert with the Theory of Constraints of Ellyahu
Goldratt, to the USAF acquisition System Program Offlice
(SP0OY. An extensive review of the literature was conducted,
and the theories of cybernetics and constraints were

summar ized. In short, cybernetics identifies the necessary
and sufficient structural conditions required of an
organization to assure its viability anq offers an
alternative to current }?lre—fightingj/management using
computer analysis of critical measures of performance to
provide accurate short-term forecasts. A preliminary
cypernetic analysis of the SPO organization and measurement
toois was conducted, uslina data from the DSCS SPO, Initlal
recommendations for Improvement were derived from SPO
members, and [mpedances were conslidered. Cybernetics
appears to be a promlsing aid to program managers,
providing insight Into organizational structure and
offering a means to truly anticipate, and therefore take
action to avoid, problems. However, much addltional
research Is required before specific beneficial procedures
for the SPO can be recommended, and DOD pclicy changes are
needed to facillitate the Implementation. e
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A CYBERNETIC APPROACH TO ACQUISITION
SYSTEM PROGRAM OFFICE MANAGEMENT:
PRELIMINARY CONCEPTS AND PROCEDURES

1. Introduction

ral Issu

The media continually report examples of management
failure In industry and government. Bankruptcy, government
ball-outs, massive lay-offs, defective products,
cnvironmental dlsasters seem to grow In number and
frequency almost daily. Although no clear path out of the
current situation is recognized genera:ily, the demands of
the market and the public Interests have driven industry
and government to actlvely seek solutlions to these Ills.

What distinguishes those organizations whlch have been
successful from those which have failed? What are the
tasks and responsibilities of management to that end?
Every manager has some Intultive sense of what constitutes
success. However, many have sought additiona} insights
from the experts. Countless books and articles have been
written and seminars offered advocatlng NUMEROUS approaches
Intended to Improve management effectlveness. The more
popular can be defined by a single catch phrase --
"Management by Objectlve", "Total Quality Management",

1




"OQuality Circles", "Excellence" -- and offer a limited
number of stralohtforward tenets or procedures to follow --
"14 Points", "Elght Basic Princlples", "Just In Time",
"semiautonomous work teams" -- derlved in general from
intuition and personal! experlence or empirical study of
successful companles and organizations.

There ls no popularly advocated theoretlical foundatlion
upon which to base or Judge any of these approaches.
Without such a foundation It Is merely supposition whether
any or all of the proposed (partial> solutlons to the
current management ‘crisis’ are Indeed necessary and
sufficient to truly provide managers with the abllity to
control the systems which they are charged. At best
maragers manage by tiial and error and even if successful
do not know If there is stil]l a better way; at worst they
do not manage at all and the system falls to achleve |Its
purpose or in some cases even to survive. When the early
scientific management theories of Frederick Taylor et al
pruved inadequate to mal..tain a motivated, productive work
force, no alternative comprehensive management theory was
recognized to replace It. Instead, the favored approach of
various sclentists, theorists, and empirical managers has
been to study and recommend solutlons to such more narrowly
focused questions as "How do we keep employees highly
motivated?", "How can we keep ahead of our competitors In

the marketplace?", "How do we develop leacders?", How do we



provide better quallty at a competitive price?". Not only
do such "answers" leave the manager to try to mesh the
varlous pleces/approaches together, they do not anSwer such
basic questions as "Are there lIndeed common characteristics
necessary and sufficlent to ensure any organization’s
"success", "What constitutes success", "How does an
organization retain its abllity to succeed over time".
While relatively simple to teach and learn, and as
desirable as the recommendatlons may be, the contlnued
succession of popular approaches indicates that managers
are stlll searchling for answers to help them resolve thelr
own current management crises.

Management within the government is a subject of much
concern because of the pervasjve impact poor management can
have on the country’s economlc, soclal, and politlical
stability, and the effect It could have on the entire
world. In partlcular, the Unlted States has come under
Increasing criticism from Its own people and Congress, as
well as from many ln other parts of the world. Although
one could readily argue that all areas of US government are
not currently managed optimally, no department has
undergone more scrutiny and critique than the Department of
Defense (DoD>. Because of its relative cost and the
publiclity of Its fallures, much of this attention has
focused on the management of new weapon systems acquisitlon

by components of the DoD (10:31-32). Each component service




has simllar, but not dupllcate, procedures, precedents, and
Initlatives whlch drive thelr acqulislition process. For
convenlence, the Alr Force will provide the focus for this
discusslion.

At the center of Alr Force acquisition process are
the System Program QOffices (SP0Os), each run by a program
manager responsible to " contract for and oversee the
development and productlon of weapon systems and equlipment
on time and at reasonable cost" (10:9>. Each SPO
organization {s a complex, dynamlic system which must
fulflll Its tasks, directed ultimately by Congress, in the
mldst of the very unstable, bureaucratic, and environment
of the milltary industrlal complex. SPO success is
measured by Its abillty to provide the weapon systems for
which it iIs responsible to the unit which will operate the
system at an agreed to cost, schedule and performance
basellne. 1Its ablllity to conform to this baseline |Is
directly effected by the program manger’s abllity to
effectively structure his organization and to malntaln a
stable basellne, which includes determinlng how changes
in user requirements can be Incorporated in the existing
program, retalning adequate fundling from Congress,
controlling the timellness and correctness of SPO
activitles, and controlling contractor performance. In
order to achieve these ends the SPO must be able to

antlclpate and avold potentlial problems lnherent In the




risks of the acqulislitlion process. Risk stems from the
focus on new sophisticated technology, optimlstic and often
concurrent schedules required to meet predlcted threats,
and constralned and often changlng defense budgets
(10:152~-154>.

SPO success in managing acquisition programs In the
current environment of escalating Congressional management
by leglslation and frequent budget changes, lncreased DoD
regulation of [ts own and Industry’s management practices,
in response to public concern about much publicized
fallures, has generally been criticlzed by Congress and the
public. J. Ronald Fox quotes retired Army General Miley
who explained,

perception Is that at least some of the

programs were not as successful as they could

have been. Further, there is a perception that

the gquality and performance of the project

managers have been contributing factors. The

accepted indicators of the less than reasonable

success of the programs have been the hlghly

publliclized reports of system deflclencies, cost
over-runs and delayed fielding. (10:154)>.

In a serles of attempts to Improve the management of
acquisition programs in response to thls criticism, DoD
leaders have trled to encourage process [mprovement through
adoption of the most popular Industry management
phllosophies, Including management by obJectlive and, most
recently, total quallity management. However, slnce the

under-riding structures and lIncentlves were not changed,

the |mprovement programs could produce no major change to
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the acqulisition process and seemed merely rhetorlc to the
SPO (10:51).

If changes to the organlzatlional structure and
performance [ncentives are required to motivate fundamental
change as current organizational theory malntains (6>, one
needs a basls upon which to determlne what to change, and
what to change It to (12:9) to obtaln better results.

A lesser known successlion of sclentlists, mathematiclans
and managers have developed an alternative management
theory and practice over the past forty years whlich offers
not only a theoretical basls for assessing exlisting
management tools and systematically ldentlfylng new ones
but also a general model of organlzatlional structure,
functlons and lnterrelatlonshlps by which one can dlagnose
the current state of any large, complex, probablllistic
system and proscribe changes to increase lts likellhood of
long term viability. The field is management cybernetics,
detalled by Stafford Beer et al, out of the initlial work in
Cybernetics by Wiener, Shannon, and Ashby In the 1940’s
and 19507s.

Cybernetics conflines its applicatlon to large systems
for which the Implicit notion of Taylor that management can
indeed know everything about the operations for which he is
responsible and environment with which he must obtaln
Inputs (le. resources, requirements) and provide outputs

(le. products, services) |s not true. Brlefly, cybernetics




has at [ts core a two step premise that (1) any system
transforms "inputs" Into "outputs", and lts organlizational
structure determines which outputs are most llkely under
various conditions. Thus, by recognizing what functlons
and interrelatlionshlps are necessary wlthln any system
using the Vliable System Model developed by Stafford Beer, a
system can be reorganlzed to lncrease its effectlveness;
and (2> although all the detalls of the past, present and
future of any complex system can never be known, the
relationshlips between various system inputs and outputs can
be measured and used to ldentlify areas iIn need of attention
and correction -- thus [t provides the manager with ONLY
the Information he needs, and It provides it fast enough
that he can take corrective action before the situation is
out of hand.

Therefore, the most basic characteristic of management
cybernetics is that it relieves the manager of the
impossible task of knowing everything about everything that
occurs ln the systems for which he |8 responsible by taklng
advantage of technology to ldentlfy outcome trends and
probabllitles without the delay and Informatlion overload
Inherent In current Informatlon systems. Thus, cybernetics
provides the framework to allow the manager to do what has
always been demanded of him: to anticlipate troubles and
avold them before they occur to ensure planned performance

{s attained. Although the approach s more Intensive and




consequently has not generated much publlc appeal,
documented appllcatlons Indicate that |t may well provlide
far better answers to the needs of today’s management of
clvillan and government enterprises (8).

To avold being limited to consldering generalitles,
support from the Defense Satellite Communication System
(DSCS> Program Offlce was secured to provide a specific
case for study. Dlscussions between the author and the SPO
(cite) led to agreement that the effort would focus on the
contract modificatlion process which is central to the SPO
current efforts. Briefly, the process begins with the
ldentification of a new or changed contractual requirement,
follows through funding and approval, request and review of
the contractor’s proposal, fact-flndling, negotlatlions and
ends with contract award (13; 16; 17)., Descriptlon of the
SPO and modificatlon process will be detalled as the
analysis and flndings of thls research effort.

In summary, then, the management question Is: How can
the principles of cybernetics be applied to a SPO, using
the DSCS SPO as a case study, what do they lIndicate about
the SPO’s current effectliveness, and what improvements can

be recommended?

Specific Problem

There are many circumstances which create the
environment in which current SPO management functlon:
oversight, and cost, schedule and performance uncertalnty.

8




The clearest plcture of the current state of oversight
within the acquisition process Is painted by the number of
regulations published by Congress, 0SD, and the AF; as Fox
describes, "a team planning a weapon system must conform
to over twelve hundred directives concerning all phases of
the acquisition cycle" (10:17). Meeting the unlque
challenges of a major acquisitlon program, within the
conflnes of that many regulatlions, and having tlme to
manage the program while providing briefings and reports to
the varlous management levels to demonstrate compllance
with those regulations (10:160) severely limits the time
and talents of the program manager. In additlion, the
changing priorities of the decision makers in response to
changes In the perceived threat, the defense and political
benefits and costs of varlous means to address the threat,
and the salabllity of these various means to other decislion
makers, results In "frequent changes in funding, schedules,
and technical performance requlirements" (10:19).
Specifically, then, the SPO, as the system acquirer,
Is at the heart of a very complex, ever-changing process.
As Fox explains, "It Is virtually impossible for any
individual ... to comprehend every aspect of ... a major
acqulisitlon program" (10:11>. To date, most SPO’s ablllty
to meet lts basellne under these condltlons has been
sporadlic at best. For Instance,

schedules have been extended by about 33
percent in approximately one-half of the

9




programs ... more than nine In ten programs

exceed lnitial cost estimates, and the

average lIncrease In cost for the majorlty

has been more than 50 percent, excluding the

effects of quantlty changes and Inflation (10:33).
With these statistlcs, and the publlic outcry for reform, 1t
is necessary to explore every means to restructure the SPO
acqulsltlon structure and control performance.

To demonstrate the application and potential
usefulness of management cybernetics to SPO management In
this regard, an organizational model of the DSCS SPO and a
process model of the SPO modlflcatlon process must be
ceveloped. The organizational model must be developed In
accordance with the VSM to diagnose pathologies In the
current structure, policies, procedures and information
channels and prescribe changes to lncrease the viablllty of
the SPO. The quantifled flow chart will be used to
ldentify bottlenecks and varlables critical to the process
and to which management must direct Its attention to
maintaln the viabllity of the system. Based on the results
of the flow charting, an inltlal design of the measurement

tools to proactively control the modiflicatlon process will

be suggested.

Justification

The legacy of the current acqulsitlon structure
on SPO performance has been well documented. Between the
direction and oversight from Congress, DoD, and the AF, and
the independent plans and agendas of the defense industry

i0




particlipants, the program manager has found himself without
much autonomy or authority with which to control any part
of the acquisitlion process In a substantive way
(10:18-19,154>. However, he, and every level of management
above him, Is held responslble for meeting or falllng to
meet the baseline cost, schedule, and technical performance
(10:156). Packard Is quoted as saying,

the fact is that there has been bad management

of many defense programs ... part of this is

due to baslc uncertaintlies in the defense

business ... However, most of It has been due

to bad management, both In the DoD and in the

defense industry ... (10:134)
Consequently, If the situatlon is to Improve, managers must
obtaln the tcols to restructure hls organization and to
regain control of the operations for which they are
responsible. As descrlbed earller, cybernetics provides
Jjust those tools. The principles of cybernetics offer a
unique perspective from which to view how organlzatlons
actually behave, to assess the current performance of that
organlzatlon agalnst the ideal, and to recommend changes
to the organizational structure which will necessarily
improve the organizations performance. In addition,
cybernetics offers measurement and analysis tools with
which to monltor and control systems wlthout needing to
know everything that occurs withln the system.

Given the current defense budget environment of severe
spending and personnel cutbacks which is expected to

continue iInto the foreseeable future, 1t |Is Imperatlve that
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all potential tools to Improve the process of acqulring
weapon systems be explored. Although cybernetic modeling
has been a publlshed management tool for over 30 years

(9; 18>, no evidence of Its speclfic appllcatlon to defense
systems acqulsition offlce management was ldentlflied
through a Defense Technlcal Informatlon Center (DTIC)
search. Consequently, there is a need to apply thls tool
to the SPO management process to assess (ts usefulness to
the SPO manager In processes of defense system acquisition.
The current gongerns of the DSCS SPO provide a supportlve
environment in whlich to apply cybernetlc modeling

technlques (13; 16; 17).

Research Hvpothegesg

1> The functions and Interrelationships of the DSCS SPO
can be mapped onto Stafford Beer’s paradlogm of any vlable
system (4; 5) to create an organlzational model of the SPO
to diagnose lts current viability.

2> The organlzational model can be used to prescribe
changes to SPO functlons and Interrelationships which may
Improve SPO viabllity.

3> A quantifled flow chart can be developed for the DSCS
SPO modification process and used to ldentify process
bottlenecks, and critical process variables (2).

4> A simple design of the measurement tools to proactively
control the modiflicatlion process using critical variables
can be suggested (2; 3).

12




Scope and Limitatlons

The scope of the research |s restricted to accurately
modeling the DSCS SPO functions and interrelatlionships and
the modification process to demonstrate the type of effort
needed to Inltlate cybernetically sound management within a
SPO. Thisg effort will provide the basis for additional
cybernetlic study by the SPO and for simllar efforts by
other organizations; it will not conslder non-cybernetlic
theories. Cybernetic management requires a process of
continual adaptation to maintain stabllity. Thus, the
models are limited by the lack ¢of contlnual and complete
data collection inherent In an outsiders study and by thelr
relative simpllicity. Clearly, models of all SPO activitles
as an Interconnected whole would need to be developed and
updated dally to provide a truly useful management tool.
Throughout the effort the reader Is assumed to have a basic
understanding of the AF acqulsition process and SPO

operations.

13




verview

Cybernetics offers a systemic perspective to the
management process and two basic tools for the manager’s
use. Once the basic princlilples of cybernetlcs are
understood, they provide a framework for study and control
of the organization.

The Viable System Model (VSM), proposed by Stafford
Beer, identifies the functions and Interrelationships of any
complex probablilistic system which can be used to dlagnose
and prescribe treatment for any organization to better
ensure |ts long term viabillity, by enhancing Its ablllty
to adapt and evolve (4:xl1)>. Control of the organlization
is facllitated by a unique management [nformatlon system
(MIS)> which combines process modelling, contlnual
measurement and statistical analysis to forecast near-term
instabilities In the current operations and to consider

potentjal future events.

Principles

The most baslc purpose of any system Is to remain
viable, to continue to survive wlthin its environment In
the face of both expected and unexpected events (4:18;
S5:113). Although each system iIs made up of a unigque set of
entities, be they cells, machinery, or humans; viewed as a

whole, a system’s viability lIs determined by lts Inherent
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ability to adapt to changing conditions to maintain the
gstablllty of [ts essential characteristics -- the essence
of reaulatlon (4:1x>. Thls concept becomes more apparent
if the system discussed is a human who uses his mental and
physical skills to adapt to changing conditions in order to
stay alive; a state which It achleves as a function of {ts
systemic design (vice continual consclous effort) to
maintain Its critical variables such as blood pressure,
temperature, pulse, brain wave patterns, for example,
within some range of acceptable limits (4:109). Ashby,
Beer and others have discovered that any complex
probabillstic system, such as a soclal, Industrial, or
governmental organizatlion, can be viewed in exactly the
same way, because all systems are subject to the same "laws
or princlples of control" (4:ix>. Beer explalns, "the laws
of viabllity In complex organisms are ... primarily
concerned wlith the dynamic structure that determines the
adaptive connectivity of their parts" (4:xi)>. These
Invarlances among systems are the subject of cybernetic
study (1; 4:13; 5:309) which entalls two management foci:
organizational structure and systemic control (via
measurement and data filtration) (4:11).

Management cybernetics is deflined by Beer as "the
science of effective organization" (4:x1>. And while he
acknowledges the applicabllity of many other sclentific

disciplines to management, he emphasizes that "if the
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structure 1s dysfunctlional then no amount of flnanclal
wizardry, of buslness technlique, will save the day" (4:x).
Many might question the applicabllity of science to a fleld
as full of unpredictablllity as management seems to be, but
Goldratt offers a strong argument that management [s lndeed
a science. To this end he ldentifles three stages that
every sclence goes through during Its evolution.

The flrst stage Is that of "classlflcation" In which a
unique vocabulary ls developed; the second stage [Is that of
"correlatlon” In which data 1s collected, from which
relationshlps among thlngs are discovered, from which
assumptlions and "laws" are derived. He points out that in
both of these stages, the only "proof" is to try something
and see what happens. There Is no understanding as to why
things relate as they do until the third stage,
"Effect-Cause-~-Effect". It is thlis third stage, generally
recognized as "modern sclence", In which an understanding
of the underlylng causes allows one to derive knowledge of
new situations through loglical deduction, vice exnerience
alone (12: 23-26>. With this In mind, Goldratt provides a
useful deflnitlon of sclence, saylng

.. the widely accepted approach lIs to define

sclence as the search for a minimum number

assumptlons that wlill enable us to explaln, by

direct logical deduction, the maximum number of

natural phenomena. (12:23)

One example of the stages of sclence which Goldratt

provides is that of disease; in which first diseases were
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"classlflied not only by their symptoms but also by their
ability to Infect others" (12:25); the second stage began
when Edward Jenner dlscovered the usefulness of
Immunizatlion centurles later, and the thlrd stage was not
begun untll Louls Pasteur dlscovered the exlstence of
germs, which allowed the evolution of modern medical
diagnosis and treatment (12:25-26).

Obviously, management s a much younger science.
Clearly, It has lts own vocabulary which allows
classification of management phenomena (stage one). Just
as clearly, the host of management approaches demonstrate
that signiflcant correlative work has been accomplished.
By observation it has been discovered that more successful
organizations seem to have some common tralts which the "14
Points" of Deming or "8 Baslc Principles" of Peters &
Waterman, to name two examples popular within Alr Force
clrcles, attempt to Isolate (stage two). However, without
an understandling of why these correlations exist It is
Impossible to deduce how to effectively manage an
organization as an entity because the correlations
discovered to date may only apply In certaln clrcumstances
or may require the presence of additional criteria as yet
unknown; Just as before doctors had an understanding of
microblology they were severely limited In thelr ability to
heip a person adapt to disease and malntaln or regaln his

health. Some treatments, like immunl!zation, worked and
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some, llke leeching, did not. Once stage three was
reached, not only was the accuracy of treatment greatly
improved, but also |t became posslible to react to new
sltuations (l.e., to find rellable treatments for new
diseases) (12:26).

Management cybernetlics has identified the mechanisms
(functions and interrelationships) of the organization
(3:124-125), Just as microblology identified the mechanisms
of dlsease and may well provlide the means for a truly
holistic approach to management (4:120) which provides
scientiflc predictability while fully acknowledging the
diversity and complexlty of people and lnteractions within
any organization.

Management cybernetics defines a system by what it does
(4:99>; for example, a school may have the purpose of
creating new knowledge, or imparting old knowledge to new
students, or solely providing day-care services; one can
tell what 1ts purpose is by observing what it is
"“producing" (i.e., research, knowledgeable or Illiterate
graduates). If the intended purpose does not equate with
the actual purpose as demonstrated in the actual outcomes,
one must change the system until Its outcomes meet the
intended purpose. In effect, Beer argues that a system’s
design determines its likely outcomes and must be
conscliously redesigned using the VSM 1f dlfferent outcomes

are to be achleved.

18




Any system has three main components: management,
operations (that which actually produces outcomes), and the
environment, each embedded in the next and llinked by
communlicatlion channels (Figure 1) (4:27; 5:94).
Cybernetlics’ power ls derived from its ablllty to treat
each component as a "black box", whose Inner workings can
not, and need not, be understood, focusing lnstead on thelr
Interactions (4:46). By studying the relationshlps between
inputs and outputs, the functions of each component can be
discerned, and changes in lnputs can be made to alter the
outputs as desired (5:40>. Although such a concept Is
quite unusual within organizational management theory, it Is
common in practlice (especlially dealling with other
individuals) and offers the major benefit of not demanding
that management know everything that goes on within his
organization and its environment. This implicit demand of
orthodox management practlce has resulted In the current
craze for Informatlon -- as much and as often as possible
-- more than the manager needs and more than he can
assimilate. Cybernetics offers the means of discoverling
what Informat!on management truly needs so that he has the
abllity to predictably effect the results of the
organization and the freedom to plan and guide hils level of
the organization (5:40-42).

Beer defines the job of management as that of managlng

complexity. In this sense, complexlty subsumes the
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traditional management foci of "men, materials, machlinery
and money" (4:21; 5:31)>. The complexlty of a system can be
measured (qualitatively) as the number of possible states
it can achieve. A state is defined by its being
recognizably dlifferent from some other state of the system;
in the terms of mathematics, each state has a unlique set of
parameter values. The measure of the number of possible
states Is called varlety (4:21; 5:32). For Iinstance, the
variety of a person is the list of all possible sequences
and mixtures of activities, moods, and thoughts he could
concelvably conduct. However, any particular indlvidual
will have an actual varlety which Is much less than that
conceived of theoretically because physical, mental,
phllosophical, and other parts of his "makeup" limlt what he
will actually do, think, say, and feel -- hls
self-organization limits his variety. Similarly, the
variety of an organization is limited by the actual varlety
of iIts members and thelr lInteractions.

It is clear that the varlety of management is much less
than that of operatlions which Is much less than that of the
environment (4:22; 5:94). Fortunately, it Is Inevitable
that the structure (people, policlies, procedures, and
interactions) of the environment and of the operations
organize themselves, In a mixture of formal and informal
procedures and Interactions, so that the actual varlety

observed by operations and management, respectively, |s
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more constralned than could be envisioned In theory. As
Beer explains, "varlety absorbs varliety, and systems

run to homeostasis because all the subsystems are
interconnected ... and complexitlies cancel each other out"
(4:30). Indeed such self-organlizational forces tend to
equate the environmental, operational, and managerial
varletles, but without conscious design, may not secure the
organization’s long-term viabllity. For example, a process
may requlre actlon by several offlces; 1f one begins to be
avolded In practice (self-organization at work) because the
activity is perceived as no longer required or a new

person In the position is not liked or trusted, the results
of the organization will suffer -- outputs will be less
predictable and not in keeping with the goal of the
organization (assuming the activity was In fact
value-added>. Management’s fundamental task is then to
regulate variety, in part by design of competent
organizational structures, so that the system is not
overwhelmed by complexity and can malntalin its viablility In
pursuit of its declared purpose (4:29; 5:92-97).

Ashby’s Law of Requisite Varlety, the most basic law of
cybernetics, which states that "only varlety can destroy
variety" (1:207), provides the basis for management
activity. This law explains the lnevitablility of varliety
equlilibrlium between every pair of entities, components or

subgystems (5:89). The derivation of this law is based In
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the mathematics of transformations and the theory of
communicatlions (1; 8:13,16-18), but the law, because it |Is
operative (5:89), can be observed without analyzing the
formal proof. Noting that there ls a slight distinction
between information and varlety -- the variety of an entity
is a state of Its exlstence, known to another entity when
It receives thlis information from the first (8:82) -- the
two terms will be used as If they were Interchangeable.
Clearly, there Is a 1imit to the amount of data any one
person can process; how does a person cope with the
overwhelming amount of information with which he is faced?
He ignores the majority, elther by consclous cholce or by
necesslity when he reaches an "lInformatlon overload"
(5:100>, but, knowing his 1imits, he may devise techniques
to increase his chances of receiving and processing all the
information he needs before hlis capacity Is reached, by
filtering out system nolse. This simple example not only
demonstrates the operation of the Law of Requisite Varlety
but also illustrates the twn mechanisms, attenuation and
amplification, by which varliety equilibriums are maintained
(5:92-97>. Varlety of the more complex subsystem in
excess of what the less complex subsystem can "handle...lis
necessarlily cut down, or attenuated ... attenuatlion Just
rappens. The brain and managerlal culture ... filter out
what is left in beyond the capacity to assimilate"

(4:23-24>. Conversely. the varlety of the less complex
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subsystem "Is necessarlily enhanced, or ampllified" (4:27) to
the level necessary to regulate the more complex subsystem
using techniques which facilltate the flow of necessary
Informatlion to the less complex subsystem In an easily
processed form (5:90).

The significance of the Law of Requisite Variliety is
plain: "every attenuation of varlety risks the loss of vital
Information, or the introduction of ambiguity" (D:120).
Since variety of an operatlion, for lnstance, lIn excess of
the variety of lts management, |Is of necesslity attenuated,
It 18 clear that management must consclously deslgn varlety
channels between ltself and Its operations and thelr
environment(s) if the right information is to be available
to the right people in time to maintain the system’s
viabillity (5:97-100); design by happenstance or convenlence
will not provide the best means to manage the system (5:97;
9:15>. A monthly management report lIs a simple
amplification/attenuation device; the variety of the
manager is ampllfied when the types of information he needs
and the format he prefers are provided in the report, while
the variety of the operation Is attenuated dramatically.
However, the attenuation and time-lags iInherent in such
traditional reports are often too great to provide
suffliclent Informatlon to the manager (5:297). The deslgn
of more powerful attenuator/amplifier comblinations will be

discussed toward the end of thls chapter.
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The final introductory concept which must be presented
before the VSM can be descrlbed In detall Is that of
recursion. Beer llkens the concept of recursion to that of
chlinese boxes, each contalning and contalned In another
(5:118). Each system is contained iIn and contalns others
along each of its dimensions. For example, a person Is a
system within each of his dimenslons (family, company,
whatever other organizations he may be a part of); for each
dimension, the chaln of systems can be lald out from the
system of the cell (or viable part thereof), to the system
of the world (or unliverse) at the extremes (4:4,6).
Whatever system is of interest Is called the
"gystem-in-focus", defined as a single level of a
dimensional recursion. Beer and Espe.jo both emphasize that
a clear understanding of purpose, ard consequently the
dimension of interest, is needed to determine the most
useful boundaries of the system-in-focus (4:7;
8:363-364,369). Recurslion emphasizes the lnvarlance of
systemic structure and activities among levels of
recursion, while acknowledging thelr distinct "language" --

role, history, responsibllity, and technology (4:110).

Organlzatijonal Structure (VSM>

Expanding on the initial system model (Figure 1), the
VSM ldentifles the flve functional subsystems and their
interactions with each other and the environment which are
egsential to maintalining the viabllity of any complex
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probapllistic system (Flaure 23 at every level of
recurslion.

SYSTEM ONE consists of one or more viable systems at
the next lower level of recursion, percelved at the level of
recurslon of the system-In-focus as an Interconnected set of
operational unlts (represented by clrcles In the VSM) and
their individual managements (squares). Thus, SYSTEM ONE at
one level of recursion represents the totality of the next
lower level of recursion and constitutes a major link
(information channel) between the two levels. It should be
noted that SYSTEM ONE activities are only those which
produce the organization -- those which contlnually
reproduce [ts ldentlity, or purpose -- all supportling
activitlies are part of management which Beer calls the
metasystem (SYSTEMs TWO through FIVE) which Is dedicated to
the homeostasis of the system-in-focus (4:9). For example,
for an accounting company, accounting is SYSTEM ONE;
however, In a manufacturing flrm, accounting Is part of the
metasystem and production is SYSTEM ONE. The operational
units interact with each other and directly with the
environment; In addlition, the environments of the various
operational units overlap. Each subslidiary viable system
is essentlially autonomous: constrained only to the extent
that It remalns a part of the system-In-focus. In thls
regard It Is constralined In three ways: 1t must operate

within the Intentions of the system-ln-focus, withln the
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reqgulatory framework of SYSTEM TWO, and under the directlon
of SYSTEM THREE (2:158-161).

SYSTEM TWO Is the regulatory center of the
system-in-focus which quells the oscillations lnherent
within SYSTEM ONE as a whole, caused by actlvities of the
environment, operatlon, or management of one subsldlary
viapble system which lmpact the environment, operatlon and
management states of one or more others. Osclllatlons are
often caused by a lack of pollcy, so that each subsidlary
viable system acts, not in concert with all the others, but
autonomously. to the potential detriment of other parts of
SYSTEM ONE (4:73: 2:172). The SYSTEM TWO functions are not
part of the command channel, but rather serve SYSTEM ONE,
providing the means to maintain the stabllity of SYSTEM ONE
by implementing pollicies and procedures (such as work
schedul ing, professional protoccl, or a corporate identity?
seen as necessary by SYSTEM THREE to Implement the
"resource bargain" (4:66-79>. Note that each subsidliary
viable system has a regulatory center which malntalns the
homeostasis between that system’s management and opcrations
(4:41> and communicates with the SYSTEM TWO of the other
subsidiary viable systems to prevent conflicting operations
(2:174>: these, however, function at the lower level of
recursion (4:68). In addition, SYSTEM TWO transduces the
information from SYSTEM ONE into the language of the

metasystem (H:318-319).
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SYSTEM THREE provides the day-to-day management of the
system-in-focus and has two baslic functions as governor of
the "stablillity of the internal environment of the
organization" (2:175-176>. The flirst Is to command and make
decisions regarding SYSTEM ONE as a totality. SYSTEM THREE
and the management of each subsidiary viable system of
SYSTEM ONE have a mutually agreed to “resource bargain"
wherein SYSTEM ONE performs a number of programs with the
resources given it by SYSTEM THREE (4:37-39,86-87). In
return SYSTEM ONE Is accountable to SYSTEM THREE for
completing its assigned programs. In additlion, SYSTEM
THREE intervenes in SYSTEM ONE by requliring compllance wlth
some minimum number of corporate rules and regulations
(4:39-40>. Thus, there are two homeostatic loops between
SYSTEMs ONE and THREE along the command axis -- the
resource bargaln - accountablllty loop and the
intervention-obedlence loop (4:56). The second task of
SYSTEM THREE is to enhance its own capacity to absorb
variety (4:94) by monitoring SYSTEM TWO (4:86) and by
conducting sporadic lnternal audits of the operational
units directly -- a function which Beer calls SYSTEM THREE
STAR (4:82). Both the varlety lIncreasing channels provide
means of obtaining additlional information to supplement and
confirm the information recelved from SYSTEM ONE via the
accountability channel. It should be noted that several

persons or groups of persons may comprise SYSTEM THPEE:
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there may be, or need to be, homeostatlc loops among some
or ail of them (4:93).
wWhile "SYSTEMs TWO and THREE are concerned entirely

with the regulation of SYSTEM ONE" (8:343), SYSTEM FOUR
"handles the interaction of the whole viable system with
the outside world" (8:343>. SYSTEM FOUR comprises the "set
of actlvities ... which feeds the hlghest level of decislion
making" (2:183>, uslng models of the system-in-focus and
knowledge about the environment to simulate possible
organizational futures. SYSTEM FOUR continuously monltors
the environment for trends and noveltles using a filtratlion
system which “recognizes pattern in the unknown (but
developing, imminent) future" (4:124). This study of the
relevant environment, relative to the system-in-focus, is
used by the SYSTEM THREE, FOUR, FIVE metasystem in its
continual planning process. Since SYSTEM FOUR maintalns
models of the system-in-focus [t provides self-awareness:
an understanding of the dynamics of the system ltself
(4:116>: the degree of accuracy of the model and subsequent
understanding of the organizatinn ls a strong indication of
the system’s ability to adapt, and thus survive In the
long-term.

SYSTEM FIVE 1s the "boss" who intervenes as necessary to
malntaln the homeostatic balance of investments (of "money,
..., time, care, talent, attention, reward" (4:118)>)

between SYSTEMs THREE and FOUR necessary for adaptation.
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As the ultimate authority for the system-in-focus, he
(they) may provide command directlon, but for the most
part, act(s)> as a "varlety sponge" (4:125), by proljectlng
an ethos for the system and thereby precluding a multltude
of posslible occurrences which are not "acceptable", which
violate the atmosphere of the organization (4:124-130).

In order to facllitate the high variety Interaction
between SYSTEMs THREE and FOUR and the real time reporting
from SYSTEMs ONE and TWO, all within the atmosphere and
guidance of SYSTEM FIVE, Beer strongly recommends that the
management work place be a "Management Center" which he
defines as the "environment of decision in which the board
or college of managers reaches out into the process for
which it is responsible" (8:352). He llkens the management
center to a contlinual board meeting in which real time
Informatlion is avallable to the managers as a whole,
breaklna down the tradltlonal barrlers of space and tlme
which hamper management interactlon and therefore the
potential for informed, synergistic decision making
(8:355>. Beer advocates visual representations of
information as richer and easler to assimilate than words
and numbers (2:194-195).

Specifically, the management center would contain four
wall size computer driven screens, each to consider
different aspects of the system. One would be "a large,

electronic disgplay" (2:194) of the organizatjon‘s structure
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mapped onto the VSM showing the proportlonal amounts and
rates of flow (in terms of Interest to the managemrent)
among the SYSTEMs. Areas In need of management attention
would be signaled on the screen as they are identified
through the measurement process. The next screen would
provide the means for managers to call up addltional
information about the areas signalled as potential trouble
spots. Again, this information would be graphic, in the
form of process flow dlagrams and time serles charts,
available upon request from the computer (2:194-195>. The
third screen will aliow access to any information about
the future gleaned from statistical analysis of
environmental factors and the organization’s levels of
achievement: "Here we want the best prognoses which
statistical technique and the insight of properly trained
operations research teams can provide" (2:195). The fourth
screen would provide a means of assessing the

responses of the system to various alternative

actions, in order to see which areas of a problem

are more sensitive than others to the assumptions

which management Is maklng ... to test which

policies are more vulnerable than others to a range

of likely events (2:196)
in the future thorough simulation, using an interactive
screen which allows the managers to lnput any comblinatlion
of control parameters which the computer analyses using lIts
statistical model of the organization and Its environment
and provides llkely results on the screen. In this way,

managers can conduct experiments and take risks (try new
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ldeas and novel approaches) wlthout any Impact to the
actual system, and wlthout gettlna bogged down In the
mathematical detall (2:195-197). A more detailed
consideration of the development of the computer
information which would feed each of these screens is
discussed In the measurement and fliltration section of this
chapter.

Optimally, an organlization should allow SYSTEM ONE the
max imum amount of autonomy which will not threaten its
cohesion. This balance between autonomy and cohesion
demanded by the law of requisite variety has been captured
in three axioms of management (Table 1) which identify the
equations of varlety across the system-in-focus. The
varlety of SYSTEM ONE ls a directly proportional measure of
its autonomy (4:102) which ls equal to the sum of the
“horizontal" varieties of the operational units. This
variety must be matched by the sum of the six "vertical"
varieties of cohesive force: SYSTEM ONE environmental
interactions, corporate intervention and the resource
bargain between SYSTEMs ONE and THREE, the interaction
between operational units, SYSTEM TWO, and SYSTEM THREE
STAR: note that the first five filter management
information and the last provides any information filtered
out by the first five which management needs (4:81-84).

The manner in which this balance is met Is a matter of

management style -- dictatorial or delegatlve (4:95).
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Table 1

Three Axioms of Management (5:217.298)

First Axiom of Management:

The sum of the horizontal variety disposed by n operations
elements

equals

the sum of vertlical varlety disposed on the six vertical
components of corporate cohesion.

Second Axlom of Management:

The variety disposed by System Three resulting from the
operation of the First Axiom

equals

the variety disposed by System Four.

Third Axiom of Management:

The variety disposed by System Five

equals

the residual variety generated by the operation of the
Second Axijiom.

The variety of SYSTEM THREE resulting from the balance of
cohesive and autonomic forces must egqual the variety of
SYSTEM FOUR. and the varlety of SYSTEM FIVE equals the
variety generated by the balance of SYSTEMs THREE and FOUR
varietles (5:298: 8:34). In additlon, the varlety of
SYSTEM ONE with which SYSTEM THREE must cope is equal to
the "varliety disposed by the sum of the metasystems"
(5:355) of the next lower level of recursion (Table 2>

(5:355: 8:34).
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Table 2

Law of Coheslion (5:355)

The Law of Cohesion for Multiple Recursions of the Viable
System:

The System One varlety accessible to System Three of
Recursion x

equals

the variety disposed by the sum of the metasystems of
Recursion y for every recurslve palr.

As lmportant to the malntenance of viablllity as the
five subsystems of any system-in-focus are the connections
among the subsystems of the system-in-focus and between
each subsystem and lts corresponding subsystem at the next
lower and next higher level of recursion (review flgure 2).
Each linkage represents two opposing one-way communication
channels, each with a varlety and capaclity of its own. 1In
addition, every time a channel crosses a boundary,
transductlion occurs as the communication is translated by
the sender into the language of he belleves the receiving
subsystem wlll understand (encodlng’> and then by the
receiver as he declides what the sender intended (decoding)
(4:47>. For the system to be viable, each channel must
have a capaclity greater than the variety of the Information
which lt must transmit per unit tilme to avold the
introduction of unresolvable amblguities (4:43), and the

variety of each transducer must be as great as that of the
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channel in which It is contained (8:33) to avoid
Information loss.

In a viable system, each channel must be a
self-vetoing homeostatic loop. Such a loop Is a means of
regaining equilibrium between the two subsystems it
connects after the system has been disturbed in some way so
that the system can maintain its stability. At
equlllbrium, each subsystem ls lIn an acceptable state.

When any subsystem enters an unacceptable state, those with
which it is connected by a homeostatlic loop change state,
which causes the subsystems with which they are connected
to change as well; thus, a sequence of systemic
oscillations is Initlated which must be damped |f the
system 1s ever to regaln lts stablilty. 1If properly
designed, the "self-vetoing" aspect of the loops provlides
the means to damp osclllations by contlnulng state changes
in a controlled manner until all the subsystems have

again reached an acceptable, although not necessarily the
original, state (4:63-65>. If homeostasis is to be
maintained, the rate at which equllibrium Is restored "must
match the mean rate of perturbation" of the system (4:120).
Each homeostatic loop must obey the four principles of

organization as described above (Table 3).
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Table 3

The Four Principles of Organization (8:33)

The First Princliple of Organization:

Managerial, operational, and environmental! varieties,
diffusing through an institutional system, tend to equate;
they should be designed to do so with minimum damage to
people and to cost.

The Second Principle of Organization:

The four directional channels carrylng information between
the management unlit, the operation, and the environment
must each have a hlgher capacity to transmit a glven amount
of information relevant to varliety selection in a given
time than the orlglnating subsystem has to generate it In
that time.

The Third Principle of Organization:

Wherever the information carried on a channel capable of
distinguishing a given variety crosses a boundary, it
undergoes transductlon; the varlety of the transducer must
be at least equivalent to the variety of the channel.

The Fourth Princlple of Organization:

The operation of the first three principles must be
cyclically maintalned through time without hlatus or lags.

Measur nt an i te for e t

Given a viable organizatlional structure, the manager
must have means to assess system stablility and to ensure
all, but nothing other than, essentlal Information is
avallable to him In real time, If he is to control the
system. To this end, management cybernetics offers a
unique management information system (MIS), which combines
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process modelling, continual measurement and statistical
analysis to ldentlfy situatlions requiring management
attention. This tool offers the manager a powerful
alternative to his traditional, and often unsuccessful,
rellance on past experlences and hlstorical reports to
anticipate and avert problems. As Beer explains,

Managers therefore guess the answers that

can so easily be provided for them. It should

not be too surprising that the guesses are so

often wrong. At any rate, I have demonstrated

by experiment that a probability-plus-computer

monitoring system can detect a change in the

movement of a performance Index long before a

human being can detect that change by eye in a

graphical time serlies. (5:295)
Typically, MIS’s provide historical information to the
manager, often weeks or months after the fact. Use of such
information elther presumes that their has been no change
since the last measurement, or that the current values are
close enough that some heurlstic can be used to extrapolate
to the present. At best, the manager updates his
information based on iInformal means (which brings into
question the value of the report), vet stlll does not avoid
some of the deficiencies inherent In traditional systems.
The models with which the manager determines what he should
control/monitor and what constitutes acceptable performance
are usually In his mind, consisting of his polnt of view,
theories of operations and management, and experlence, and

may be dictated arbitrarily based on requirements from

higher levels of recursion (3:305-310). Such models are
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“typically so simple that they can not go right" (3:311):
they do not have the requisite variety to forecast the
likely future events of interest to the manager (3:310).
Clearly, accurate short-term forecasting, i1f avallable,
would provide management with a better basis for current
actlons: to prepare for, or avold, as expedient, probable
future events in its operations and in its environment
(8:346-349).

The significance of real time Information can not be
underestimated. By taklng dally measurements of the
varlables and immedlately comparing them statistically to
recent past performance, any change can be detected the day
it first occurs; well before any traditlonal management
methods would notice a difference. Consequently, the
manager is aware of an incipient instability and can take
action to correct the situation and avoid undesired
outcomes (5:500:8:348). Several steps are required to set
up such a MIS.

The manager must decide what must be controlled in
order to maintain stabillty. By developing quantified
process flow models of each subsidiary viable system
(operation) of SYSTEM ONE he can ldentify "major flows and
... process bottlenecks" (8:340>, determine what elements
of which must be controlled In order to malntaln stabllity
(8:340-341), and estimate the time the "manager would need

to correct a damagling lnstablllty to one of the chosen
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indicators" (8:350). A quantified process flow model, or
quantified flow chart (QFC>, would identify al! Important
activities as boxes, each of whlich would be slzed to .
Indicate the volume or amount of product or effort,
connected by llnes, of relative thickness to the volume
contalned, Indicatling the pattern, from start to flnish, of
the process of each operational unlit; Beer provides an
example from his chllean experience (Figure 3)
(2:253-254,273>. In addition, a similar QFC of the
environment of interest to SYSTEM FOUR must be developed
and used together with the operatlions models (in the

form of a single computer simulation model of the system in
focus (3:313-320>) to "slmulate alternative strategles for
its own future, In dlfferent posslible scenarios" (8:346).
Beer proposes a model (Figure 4) of the two major types of
corporate regulation, in the terms of the marketplace: to
malntaln earnings above some minimum level and to sustaln
the "match between product attrlibutes and market demand"
(2:186>. To that end he lsolates flve control parameters:
"product [mprovement (A), product lnnovatlon (B>, ...
potential operating e2fficlency (C) ... responslveness
(inertia) of the market (X), and ... the power to borrow
money (Y)>" (2:187) which management must control to
maintain the firm’s viability. 1In order to ensure this
model reflects reality (as It changes over time), by

avolding a common fault of traditional models which Is to
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assume statlic world conditions (3:309), the variable
values predicted by the model are compared to real world
events as they occur. This technique will be dlscussed
later in the chapter.

The unliversal measure which management uses is money,
not only because of [ts famlllarity, but also because of Its
usefulness in comparing unlike organizations on common basis
(profit, RCI}. However, such measures provide an
assessment of short-term viabillty but do not provide
a means to "detect the mismanagement of latent resources'
(2:162), which may well Impact the long term viablllty cf
the flrm. Beer recommends three measures of achlevement
which provide the same means of comparing un!lke systems as
a monetary measure, because they are ratios, but provide an
added means of assessing the llikely impact of current
actions on future viability. These ratlos are Measures of
Achlevement which are derived from the planning process.

Those elements which are essentlal to stabllity are the
variables which define the state of the system at any one
time. It Is the manager’s Job to nominate values of three
achievement levels for each variable, in keeping with
experlence and systemlic purpose, regquired to assess
stablllty: actuallty (what Is normally achleved),
capabillty (what the system plans to achleve), and
potentiallity (what the system could achieve |f changes wer:>

made>. Each of these levels reflects a level of plannling
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withln the organizatlion -- a goal to which they are
striving in the near, mid and far term, respectively. Each
of these targets is compared by SYSTEM TWO as a ratio to
that measured by the operatlion, crea2ting an Index between
zero and one which indicates the stablility of the
situation, plan and normative expectatlion, respectlvely
(5:293>. The measure of actuallity 1s obtalned from SYSTEM
ONE, the measure of capablillty iIs obtalned from the SYSTEM
FOUR model of the system-in-focus, and the measure of
potentiality Is obtained from simple simulation modelling
(2:169>. While all three levels must change over time and
be tracked toc assess plan stabllity, Beer focuses his
discussion on the dally tracking of actuallty and its use
in managing system performance.

The three measures of achlevement ratios are
productivity Cactuality/capability), latency
(capablility/potentiality), and performance
Cactuality/potentiallity) for which the metasystem
determines which mixtures of these ratlos are llkely to
Indicate inciplent Instability. Each day a measurement of
actuallty at each control point Is tested statistlically
tc determine the likellhood that It Is a valid number. If
so, the three measures of achievement are calculated. Each
achievement index Is tracked by SYSTEM TWO as a tlime series
in the form of a statistical control chart of actual versus

expected values. In additlon, the lndlces are arranged

44




into "statlistlically homogeneous groups" (2:169). Each new
Index 1s compared to the calculated parameter value
expected for a member of that statistical groupling. If
the statistical tests indicate the index Is a llkely
predictor of a relevant system change, the disparity is
reported by the MIS, flrst to SYSTEM ONE, and, lf it Is not
corrected within an anticlipated time, then to the
metasystem, for action (5:292-293). The mechanisms used In
the MIS to assess the need for management to take actlion to
avert instability will be discussed in more detall once the
choice of variables is explored.

The question of what varlables are necessary and
suffijcient to assure systemlic stabllity Is clearly a
challenge worth additional consideration. Goldratt
ldentifles three baslc measures management needs to assess
the state of the system; while his first appllicatlions
related to the manufacturing floor to which the vocabulary
is most famillar, he asserts that they can be applled to
any organization (12:74>: throughput, inventory, and
operating expense. The flirst iIs an absolute measure of the
rate at which the system provides output to the customer;
the second Is a relatlve measure of Its current Investment
In resources, and the last Is a measure of the cost of
turning inventory Into throughput (11:59-60). Seemingly,
then, the manager could galn consliderable lnsight Into the

system’s current state by determining what constituted
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these three measures for each subsldiary viable system of
SYSTEM ONE of the system-In-focus and ldentifylng the
usual, planned, and potentlal values of each.

Both the maintenance of an accurate predictive model
and the ldentification of inclipient Instabllity are
achleved by statistical analysis of the measured varlable
values over time. Initlally, actual measurements of each
variable must be taken under all known condltions and
converted to the three algedonlc indices of interest. The
Indlces must then be grouped using statlstical Discrimlnant
Analyslis techniques to divide them into one or more
statistical populations. Without pursuing a mathematical
formulation of discriminant analysls, for which the reader
Ils referred to a competent multivariate statistics book
(ref: Appliled Multivarlate Statigtlcal Analvglg, Johnson &
Wichern, Prentlice Hall, 1988.), a conceptual description of
the technique follows. Discriminant analysis ls a type of
regression analysis in which the groups of interest have
gualitative values. Speclflically, the task Is to
distingulsh in which class an entlty will belong, given the
values of some of its quantlitative attributes (5:293;
B8:349; 15:357). For example, one may wish to determine
between high and low risk projects. One must ldentlfy a
number of variables (for instance: number of personnel,
dollar value, amount of new design, etc) which appear to be

related to the clasgsification of iInterest. A matrix must
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be developed of projects known to be of each class (ie high
and low risk), with the values of each of the predictor
variables. The mean and variance of each predictor
variable in each class (le high and low risk projects) |Is
calculated. The assumptlon of discriminant analysis is
that although the mean of each predictor is different for
each class, the variance of each predictor and the
correlation between each two predictors iIs the same in all
classes (15:360). Discriminant functlons are developed as
weighted sums of the predictor variables. The weights of
each variable in each function are chosen so that there is
the least chance of misclassifying an entity (15:362). One
less functlon Is needed than classes In which one wishes to
divide entities (15:368>. The first is used to discrimlinate
one class from all the rest; the next one more from the
remalning, etc, until all classes have been distlingulshed.
Once the discrimlinant functions are developed, they can be
used to predlct the class of a new entity, lf that entity’s
attributes are known. The values of the predictor
variables are used to calculate the value of each
discrimlinant function. The values are then compared to the
rules of classification. 1In the project risk example,
there are only two classes and therefore one functlion; thus
a rule might be If the value of the functlion is greater

than 100, consider the project to be high risk (15:369).
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Once the classification system is set up, daily
measurements are made of the three values of each varlable
(8:346) and converted to the three Indices, which are
added to the evolving time series for each lndex. As world
events change, the populations may chénge In mean value,
value range, or additional populations may be
differentiated (3:334). Bayeslan probablility theory is a
form of short-term forecasting used to assess the
likellhood that the value of each index Indicates a chance
varlatlion or translent nolse of little slgnificance, or
whether |t iIs an Indicatlon of a slope or step change to
the current performance of the index whlich the manager
must respond (5:504; 8:349; 14). Bayvesian probablility
theory asks the question: given the current index value,
what is the probability that the current trend and slope of
the index’ time serles are still correct (ie that they are
not in the prr =ss of changing) (14). Its techniques
Inherently increase the sensitlvity of the analysis as a
change seems |lkely and update parameters based on
accumulated data (14:353-357). If a change seems |lkely,
the SYSTEM ONE manager is notifled Immediately of the
Indication of a potential Incliplent system instabillity
(8:348),

Similarly, the model s kept up to date by comparing
the values predicted by the model for a glven event

(comblnation of varlable and attribute values) with that
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real world event. Specifically, when a particular event
happens, the values of the varlous predictor variables are
Input to the model and the resulting criterion varlable
values are compared wlth those measured for that event.

The predlcted and actual values are compared as a ratlo
with which future predlictlons about that event are made.
For example, 1f a variable was predicted to have a value of
30 and It was measured as 60, the next time that value [s
to be predicted, whatever value the orlginal model predicts
is multiplied by 0.5 to provide the next predictlion.

Thus the model can learn and evolve (3:329-330; 8:349-350).
Although such a system has been lmplement from scratch In a
small plant in a six months time by competent statisticlans
and cyberneticlans (3:337), Beer has marketed statistical
software designed to conduct the necessary analysis, called
"Cybersyn" (8:349-351> to minimize the statistlical and
computer programming expertise an organlizatlon must have to

implement an MIS based on cybernetic princlples.
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1I11. Methodoloqy

The methodology developed to conduct this research
involved three basic steps. First, the llterature of
Goldratt, Beer, and thelir followers were studied in detall
to develop a comprehensive understanding of thelr theories,
and the means to apply them to an organizatlion. Secondly,
data about the SPO was gathered by conducting a series of
telephone and ln-person intervliews and by reviewing SPO
documentation concerning the DSCS program. Subsequently, a
preliminary application of the theory to the workings of
the DSCS SPC was conducted, following the procedures
suggested by Beer, Espejo and others regardling thelr study
of numerous organlzatlons, ranging from small businesses to
entlire countries, In Europe and the Amerlicas (V:35-37),
including the Canadian Marine and Fisheries Administration
(D:15>, the social economy of Chile (B:245-347), and an

international insurance company (V:215-270).

Data CGathering

Specifically, once the theory was sufficliently
understood -- after months of reading and re-reading and
diagramming the texts -- a series of free form questions
were developed to solicit information needed from the SPO
to apply the theory. The questions lncluded:
1. What is your Jjob in the SPO?

2. With whom do you Interface to complete your Job? How
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well do you work with these people? How helpful are they
to you in completing your tasks? What are their jobs?

3. What steps do you follow to complete each task
(process)?

4.. What are the blggest frustrations (bottlenecks) for you
in getting the job done?

5. What Is your worklng environment like?

6. How much direction (freedom) do you have in conducting
your tasks? Who provides direction? How often? When do
you need approval before you take action?

&. How dces your function fit into the whole SPO
organization?

Specific questions were formulated after an Initial
background was obtalined to fill in information gaps
identified as the author applied the theory to the SPO.
Examples of such specific guestions include:

1. What does the AFPRO do for you? Does an agreement
between your organizations exist? How often do you talk
with them or ask for thelr help?

2. How is the GE DSCS Flight Segment Division structured?
Does GE treat DSCS and IABS as a single effort? How well
are they performing on the contract? How quickly do they
surface problems?

As data was gathered, a step by step application of the
theory, as documented in the llterature revlew, was

conducted, additional needs for Informatlion were
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ldentifled, and addltlonal data was gathered. This
iteratlve approach provided the opportunlty to assimlilate
informatlon about the SPO relevant to the research,
precluding the need for a detailed assessment of

information needs at the outset of the inquiry.

Diaanosis

The organization was flrst dlagnosed for viabllity,
using the data concerning the SPO and the author’s
understandling of the acqulisition process. Feedback was
solicited from SPO members concerning the cybernetic
functions of various SPO tasks.

Although the process of applying the VSM to any
partlicular organization is a detalled and creative task
requlring both an understanding of cybernetlics and thorough
knowledge of the organlzatlion under study (8:338), Beer has
suggested a generlc procedure to follow (4). In general,
cne must map the people, policies, procedures, and
functions which comprige the five subsystems of the
organization of interest onto the VSM, and identify the
current Interactions of each with every other, with
adjacent levels of recursion, and with the environment.

Specliflically, the diagnostic process may be summarized
in six steps. Throughout the analysis, one must recall
that "many activities of the actual firm will be found to
be playlng a varliety of roles In terms of the viable
system” (2:155~156>. Flrst, a system-In-focus was chosen,
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and its boundaries with the environment and with the next
higher and lower levels of recursion specified. Beer notes
that "a model Is neither true nor false: It Is more or less
useful" (4:2>, indicating that the choice of system is not
obvious or set but depends instead on the purpose of the
modelling effort. However, cautlion was used in defining
the system so that only one dimension of the system was
considered in any one model. Once the system was defined,
Its operatlional units and those of the next lower and
higher level of recursion were identified. (4:2-3) Next,
the variety amplifiers and attenuators operating on the two
(horizontal) homeostatic loops between each operational
unit and its management and lts environment were assessed
for adherence to the law of requisite variety and the first
principle of organlzation (4:32)>. To complete an initial
assessment of SYSTEM ONE, the means by which each
operational management regulates iIts operatlions and the
connectlions between the organizational units were
identified, and the commonalities of thelr environments
and the adequacy of the horizontal communication channels
and thelr transducers in light of the princlples of
organization were assessed (4:41-56).

Secondly, the mechanlsms of SYSTEM ONE osclllations
and the means by which they ai - damped, which constitute
SYSTEM TWO, were identified, and the ability of SYSTEM TWO

to maintain stability and its perception as a service or
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requirement were assessed (D:68-76). SYSTEM TWO conducts
all performance routine measurements for the
system-in-focus and ldentifles signs of Inclplent stablllity
to SYSTEM ONE, and ln some cases to SYSTEM THREE as well.

Thirdly, the functions and people which comprise SYSTEM
THREE (including SYSTEM THREE STAR and those responsible for
SYSTEM TWO)>, and the legal and corporate requirements, the
resource bargaln, and the means of accountablllity between
SYSTEM ONE management and the management of the
system-in-focus were discerned (4:41). An assessment of
the autonomy and cohesion of the system, the adequacy of
the homecstatic loops, and the comparative strengths of
SYSTEM THREE’s command and non-command activities was then
made .

Fourth, all SYSTEM FOUR actlivitlies, which Espejo
suggests equates to Intelllgence-gathering in its broadest
sense (8:84-89), studying the external environment for
insights to Incorporate into the planning process as Beer
defines it: "a contlnuing process leading to the commitment
of resources now, that the future may be different" (4:100),
were noted, being careful to include only activities of the
system-in-focus. Assessment of the adequacy of the
homeostat between SYSTEMs THREE and FOUR was carefully
conducted, since Beer flatly states that "very few

enterprises have a well functloning SYSTEM FOUR and even
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fewer conform to the principles which govern homeostasis"
(4:117>.

Fifth, SYSTEM FIVE was lidentified and his means
and ability to provide closure to the system-in-focus was
considered. Also, an assessment of SYSTEM ONE‘s abllity
to alert SYSTEM FIVE directly of a problem, and
consideration of the adequacy, formality, and automation of
this algedonic signal was made.

Finally, the requisite variety of each of the links
between the five subsystems at the adjacent levels of
recursion was assessed for compllance with the Law of

Cohesion (4:132).

escriptio

Once the preliminary diagnosis was made, prescriptions
for lmprovement were conslidered and discussed with the
SPO. Prescription focuses on any functlions or interactions
which do not comply with the structure of the VSM, the
principles of organizatlon, and the axloms of management.
Such functions and interactions are diagnosed as cybernetic
pathologies which can be corrected by bringing them in line
wlth management cybernetic theory (4:xlii). Since
cybernetics describes what is of necessity happening in any
organization, the operatlve question Is how to Improve the
evolved system through recognition of the current
mechanlsms and consclous redesign of the formal or
sanctioned structure to match (or better) the existing
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actual structure. As Beer explains, "the value of the
model is to make clear how the organization actually works
as distinct from the way [t allegedly works, so that [t may

be streamlined and made more effectlve" (2:155).

Quantlfled Flow Chartlng

Once the structure of the organization was dlagnosed
and prescribed, a prellminary consideration of process
modelling was made. To develop a prellminary QFC, the
time-sequenced flow of paperwork necessary to conduct the
process of contract modification was obtained through
discussions and diagrammed with SPO personnel. Every
agency acting on each of the varlous documents required to
request, evaluate, negotiate, and award a contract was
identified as a box. The thickness of the lines connecting
the boxes was used to Indicate the extenslveness of the
task for the agency from which the llne proceeds. Once the

QFC was complete, apparent bottlenecks were ldentifled.

Measurement and Analvsis Toolsg

Lastly, creative consideration was given to
cybernetically valid measures and measurement points
within the contract modification process, using the QFC for
guldance, and recommendations for the rudimentary design of
a measurement and analysis too! were made. Potential
measurlng points were identlified, corresponding to critical

or bottleneck points Iin the process, from which to assess

56




the performance of SYSTEM ONE and of the SPO itself. At
each measurement point, one or more critical measures of
performance were suggested, using Goldratt’s three
necessary and sufficlent measures of performance:

throughput, inventory and operating expense, as a guide.
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IV. Analysis and Findings

Introduction

Analysis of the data gathered regarding the Defense
Satellite Communications System (DSCS) portion of the
Satellite Communications (SATCOM)> Program Office (SPO),
from a sequence of interviews with SPO personnel and review
of SPO documentation (Appendix B>, will Include a
preliminary diagnosis of the SPO organization and functions
using the VSM and a quantified flow chart of the contract
modification process. The reader is reminded that much of
the analysis discusses situations with which every SPO is
faced and that the SATCOM SPQO is offered as a convenient
vehicle with which to address these issues in a specific,
rather than a general, manner. The findings will include
a prescription of means to better SPO organization which
result from the cybernetic analysis and a rudimentary
design of cybernetic measurement and analysis tools. Except
where noted, data concerning SP0O operations were gained in
an iterative manner throughout the data collection process

and can not be directly attributed to a unique source.

Backqground
The SATCOM SPO of Space Systems Division (SSD) of Air

Force Systems Command (AFSC) has been in existence for over

25 years; however, personnel and projects have changed

continually since its lnception. Although the SPO




-
currently manages several satellite efforts, the one malor
program, and the one on which this analysis will focus is
the DSCS Program. The third generation of DSCS satellites
(DSCS III> has almost completed production; a total of ten
DSCS III satellltes remain unlaunched -- three remain in
production whlle the remalnder are currently In storage
awaliting modification, test and launch over the next
several vyears (7:6,18). An Integrated Apogee Boost
Subsystem (IABS) ls in concurrent development and
production to provide the laur~h vehicle, the Atlas II
rocket, sufficlent power to place the satelllte In
geosynchronous orblt, In preparation for the first such
launch In 1991. 1In additlon, plans are In development for
follow on efforts, either to develop a new generation of
DSCS or to modify some of the existing satelllites further
to fulfill as yet unmet needs of the users (13). The

SPO consists of about 60 people, in five functional
divisions: program management, englneering, integratjion and

operations, program control, and contracts (Figure 5).

Di .
efipnitijo tem]j ri n . The
chosen sgsystem-in-focus is the DSCS SPO (amplifled by
AFPRO-GE, Aerospace and Techolote Corporatlons support)
metasystem (SYSTEMs TWO through FIVE) and two subsidlary
viable systems (SYSTEM ONE & lower level of recurslon), the
satellite and the IABS efforts at the defense contractor’s
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facilities, General Electric, Valley Forge, Pennsylvanla.
The subsuming level of recursion (of which the
system-in-focus {s one the subsidiary viable systems of its
SYSTEM ONE> Is deflned along the recursive dimension of
acquisitlon as the Space Systems Program Executlve Offlcer
(PEO> by Congressional law. The SPO Program Director
reports to the PEO (a Brlgadlier General) who provides
senjior level gulidance to the program (as well as four other
major space programs) and who reports dlrectly to the
Assistant Secretary of Defense for Acquisition. However,
since the PEO’s tasks are only acquisition related, another
system must be combined with the PEO structure to define
the next higher level of recursion. AFSC (lincluding SSD
senior management) is a part of the metasystem, providing
personnel and financlal resources via the Programming,
Planning and Budgeting cycle (PPBS) to accomplish the
acquisition and direction via regulatlions applicable to all
members of AFSC (Flgure 6.

The declared purpose of the system-in-focus is to
develop, test, produce and deploy DSCS satellltes. The
declared purpose of the PEO |s the develop, test, produce,
and field space systems, and the declared purpose of AFSC
s to man, traln, and equip the SPO. In effect, this
situation of two interwoven chains of command greatly
increases the varlety which the SPO must handle, because

the AFSC and PEO structures are distinct, but overlapping in
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responsibijlities, and may provide confllicting information,
dilrection, or feedback to the SPO along any of the vertical
communication channels. It should be noted that the GE
operations of interest are also part of a corporate
recursive dimension (Figure 7) whose declared purpose s to
make money. Consequently, SYSTEM ONE must respond
simultaneously to two metasystems (SPO and corporate), just
as the SPO must respond to both the PEO and the divisional
command structures.

SYSTEM ONE. The producing units of the
system-in-focus have been identified as the DSCS satellite
and IABS efforts at GE. Both of these efforts are a part
of the GE DSCS Flight Segment Division. Consequently,
while separate activities, faclillties and workers preclude
consideration of the two subsldlary viable systems as a
slingle entity, they share upper management, whlch Increases
the possibility of osclllations caused by competition over
divisional resources, but simultanecusly increases the
likelihood that such conflicts will be damped by common
policies, rich information exchange and a common purpose.
Indeed, the commonallty of senior personnel appears to have
far more advantages than disadvantages for the SPO by
lessening the communication burden between contractor and
SPO (seemingly half of that required if two contractors

were involved).
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within the DSCS Flight Segment Division are three
subsidiary viable systems (two levels of recursion from the
system-ln-focus): IABS, which has not yet been subdlivided
(but may be as development progresses), the North Panel
("brains" of the satellite), and the South Panel (attltude
controls of the satellite). An evaluation of the viable
subsystems makling up SYSTEM ONE of the system-in-focus
would require a detalled analysis of the contractor’s
management-operations functlons and Interactlons whlch was
not a portion of the author’s data collection and Is
left to the SPO to perform as appropriate in cooperation
with GE.

The system-in-focus is one of five major programs
within the AF Space Programs acquisition recursion level.
In its role as a subsidlary viable system withlin SYSTEM ONE
of the Space Programs recursion, the system-in-focus
consists of a management unit comprised of SPO and support
personnel, an operations unit consisting of GE DSCS Filight
Segment activities and personnel, each with a relevant
environment (Flgure 8). Thus, the system-In-focus wllli
first be analyzed as the Interaction of three units; in
later sections, the management and its lInteractions with Its
SYSTEM ONE will be expanded.

From the point of view of the chosen dimension, the
immediate environment of the operations unit includes its

suppliers, other GE divislions, corporate GE (embodied in
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policies, procedures, regulations, and expectations),
competitors, Valley Forge, Phlladelphla, Pennsylvanlia,
Mid-Atlantic and the United States (indicated by laws,
economics, and/or public opinion and policy) and CSOC
[(government agency which monltors and controls the
operational satellites) with whom they work to maintain
optimal utility of orbiting satellites and identify
improvemenis to be considered for unlaunched satellitesl.
The environment of the SPO Includes the Defense
Communications Agency (DCA) [the system manager, who levies
transmission, trafflc load, and other communications
requirements in order to attain compatibility of DSCS users
and the space segmentl], the Atlas SPO [to ensure proper
interface of the satellite and IABS with the rocket and
rocket avallabllity to support scheduled launches], Cape
Canaveral [to integrate schedules and conflguration
requlrements of the launch pad, and processing faclllitles
where the satellite and IABS are jolned to the Atlas II and
fueled for launchl], Space Command and many other government
agencies outside the recursion dimension to the extent that
they interact directly with the SPO, such as Congress, AFSC
and DOD Inspector general and auditor agencles, and the
pollitical and economlc environment at large.

While variety attenuation and ampllfication between GE
and its environment can be discussed In only general terms

by the author, the variety amplification and attenuation
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mechanisms between the SPO and the contractor and the SPO
and Its environment will be described in areater detail. GE
may be able to amplify its variety with CSOC and SPO
engineering and operations because of Its close workling
relationship which should allow GE to anticipate and shape
many of the changes, rather than simply having to react to
unexpected Requests for Proposal (RFPs)>. 1In addition, its
long term contractual arrangements with the SPO may provlide
a stabllity which amplifles the contractor’s abllity to
manage lts suppllers and balance its needs with those of
the other GE divisions because it is in a better position
to plan ahead. As well, GE ls a dlverse corporatlion which
enhances its own stability in a worsening economy; the
corporation as a whole should be able to protect its more
volatile parts through many economic changes. Its
structure, including corporate and divisional rules and
procedures regarding personnel and operations, attenuates
the variety of the environment with which the operatlons
must deal. SPO members In concert with GE management must
make the assessment of an adequate variety balance, which
the author can only guess is relatively stable.
Amplification of SPO varlety to match that from other
government agencies In Its environment s facilitated
through jolnt meetings with DCA and Space Command (who
represents all the DSCS users to the SPO), Interface

meetings and contlnual conversations between the Atlas and
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DSCS SPOs, and frequent conversations and meetings with the
6555th Aerospace Test Group at Cape Canaveral. The SPO’s
relatlonshlp to its environment will be discussed in more
detail within SYSTEM FOUR.

The comprehensive attenuatlion device between the SPO
and the operations unit 1s the contract, Including all
modiflcations, which deflnes the outcomes, many of the
means to attaln them [via Federal Acquisition Regulation
(FAR)> clauses, the Statement of Work (SOW), the technical
specifications to which the products must adherel, and the
means by which plans, procedures, progress and performance
are to be reported to the government [via the contract data
requirements list (CDRL>]. SPO ampliflcation devices
include monthly technlcal interchange meetlings (TIMs) with
GE, weekly telephone conversations between SPO and
contractor engineers, government "fact finding" prior to
contract modification negotiations, review of GE’s program
directive [internal tasking to reply to a government
request for proposall to ensure GE 1ls preparlng an
acceptable proposal, contractual availabllity of an award
fee with which the SPO can incentlivize desired contractor
performance. Although the contract as a written document
does not possess requisite variety to ensure desired
results, In concert with the less formal ampllfiers
outlined above bullt on the basis of mutual cooperation and

interest, it appears that the variety balance between SPO
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and the contractor is generally stable, accepting for now
the current laws and policies which will be discussed
within SYSTEM THREE. The one counterexample noticed during
the data gatherlng process was In regard to the ongoing
contractual efforts for IABS production, negotiations were
held up for some time whlle large disparities between SPO
and contractor estimates of the effort required were
investigated. No clear and agreed to channel for this
investigation existed between the contractor and the SPO,
seemingly limiting the ability of the SPO to resolve this
situation quickly and appropriately.

While It seems clear that varlety balance among the
SPO, GE, and thelr environment [s maintained with less pain
than In many organlzatlons due to thelr relatlvely stable
(long-standing) relationship and open communication, the
amplifiers and attenuators by which this arrangement is
maintained were not designed, and therefore may not be
adequate to handle less stable conditlons. such as those of
negotiating the signiflicant work of the IABS. The current
situatlion puts great emphasis on parallel formal reports
amplified by a great deal of informal communicatlons,
taking up a great deal of participants’ time and energy.

Because most of the formal, written, least useful
(because they are outdated and must be updated Informally
and contlnually to provide adequate information for

manaagement declslon-mak!ng) are required by reaulation
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or policy at higher levels of recursion, the SPO is
restricted in its extent of redesign of jts means of
communications with the contractor and environment, unless
it can strike a new bargaln with the PE0O and/or AFSC to
l1imit the legal and corporate requlrements wlith which 1t
must comply. That not wlithstanding, the current burden in
terms of cost, time and stress requlred to gather and
distribute the volumes of iInformation currently demanded Is
very large; seemingly a more timely, efficient and
effective information system couid be developed to provide a
better means for declsion-making and to free both SPO and
GE personnel to more ably fulfil]l their other tasks.

Y wO. The oscillations which are monitored by
the SPO include SYSTEM ONE’s cost, schedule, and technical
performance and the SP0O’s own performance. Performance is
assessed by comparing actual with expected values, on a
monthly basis in most cases, but !n a few cases as seldom
as once a year. SYSTEM TWO functlions are varlously
performed by SPO engineering, Integration, program control,
contracts and program management personnel, and Techolote
Research Corporation.

Cost and schedule performance is assessed by program
control personnel in conJjunction with the program manager
using the monthly Cost Schedule Control System Criteria
(C/SCSC)> Report provided under the contract by GE to the

SPO. This report, received approximately four weeks after
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the month it describes, provides a detailed discussion of
the causes of all varlances between actual and
contractually requlred cost and schedule. Program control
reviews the document in detail, requests comments from

SPQC engineering and program management personnel -- in
effect bringing the report up to date by providing
information they have acqulred by other, less formal, means
-- discusses Issues with GE, and reports monthly to the
program director. The SP0O uses the award fee, In part, to
motivate good contractor cost and schedule performance;
however it may be little incentive, since most contracted
actions are tlied to the launch schedule for which the
agovernment |s responsgible, any delay 1s cause for
negotliatlon, which can alter the expected cost and schedule
(realign It with actuallty).

Additional SYSTEM ONE scheduling information is
cgathered from SPO members by Techolote each month from
which they update a data base and produce a very detailed
report of the integrated schedules required for each
satellite to prepare it for launch. Techolote and GE
have an adversarlal relationship, so any confirmation of
the information in Techolote’s reports iIs done informally
by SPO members, rather than by Techolote as part of its
data gathering process. Schedule drivers are ldentlfied
and action taken oy SPO personnel to i:.inimize any impacts

of schedule delays.
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Engineering, integration, and operations SPO personnel
focus on technical performance. Engineers make week!y
phone calls, attena monthly Technical Interchange Meetings
(TIMs)>, review test reports, and may participate in the
testing process (or at least remain informed by on-site
AFPRO observers), to ldentlfy discrepancies and ldentlfy
means to resolve them which meet AF, as well as GE, needs
and requirements. One area of major concern is what the
Impact of any change will have on the welght, balance, and
interfaces of the satellite. Intearatlion personnel ensure
that any change to the satelllte can be accommodated by the
Atlas Il and the Cape Canaveral facilities. The operations
division monjtors the operation of satellites In orbit:
performance discrepancies are ldentifled and solutions to
prevent simllar occurrences [n new satellltes are
considered.

Additional routine SPO means of monitoring SYSTEM ONE
performance jnclude bl-monthly program reviews, and AFPRO
representatives who work wlith GE to resolve engineering
problems, attend GE meetlngs, and conduct Inspectlons and
verifications on behalf of the SPO.

Because a single GE division is responsible for
both subsystems of SYSTEM ONE, GE undoubtedly conducts much
of the necessary SYSTEM TWO functlon by coordlnatling
internal schedules, priorities, and manpower and other

resources, between the two subsystems, because (it Is
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propably in GE’s best interest to have both functioning as
stably as possible, rather than competlino with each other.
To the extent that the GE corporate recursion dimenslon
proflts from favoring one subsystem GE wlll work agalnst
the SPO, otherwise they wlll llkely work together to ensure
stability.

In general, the more open communication among the
participants, the more llkely the SYSTEM TWO mechanisms
will be able to identify and correct instabiiities;
however, the time lag lnvolved In the current formal and
structured measurements of performance hamper the manager’s
ability to avoid problems; on the other hand, the more
timely and less formal mechanisms provide a far less
structured data gathering actlvity In whlch Important data
can be missed simply because the toplc or situation was
never discussed. Ideally, one would llke to provide a more
forward-looking management tool: a more timely, but still
very structured, vehlcle by which to measure critlical
variables of contractor (and lnternal SPO> performance. In
addition, it would benefit all participants if GE were
convinced that SYSTEM TWO schedul ing and performance
tracking devices were indeed provided as a service, rather
than simply a meddlesome requirement of the government. The
Increased cooperation gained by such an understanding could
greatly improve the overall performance of the

system-in-focus. For example, the probabillity of accuracy
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within the Techoliote schedule tracking report would be
crzatly improved if GE provided direct input; however,
because the involvement of an outside contractor is
considered perhaps an indication of a lack of trust in GE’s
Internal scheduling, or at least an indication of
government micromanagement, GE provides information in an
unstructured manner through conversations with varlous
members of the SPO in the course of normal business. To
the extent that GE’s internal plans and the Techolote
report dlffer, the complex schedullng integratlon task |Is
indeed an incipient instability which could likely be
disastrous for the SPO.

SPO performance Is monltored In a number of ways --
many informal and at least three which are formal. The
rate of obligation of funds is tracked by program control
for reporting to the SSD comptroller and the SPO Director.
In addition, contracting officers and buyers report their
number of completed contracting actions to the SSD
functional contracting office. Further, the SPO Director
receives a bi-monthly briefing (“BrAR")> of the program,
during which he undoubtedly assesses the performance of the
SPO and its members. Less formal means include the
continual appraisals (readily shared to the author) of
coworkers by each other, whlch may of may not be passed

along to supervisors, who may or may not take action to
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correct (praise) any behavior which is adversely
(positively) affecting SPO performance.

SYSTEM THREE. The day-to-day management of SYSTEM ONE .
involves the SPO program management, contracting,
Integration and engineering personnel as well as GE
divislonal management. The legal and corporate
requirements are embodied in the federal statutes, Federal
Acqulsition Regulatlons (FAR)>, DoD directives, and Alr
Force, AFSC, and SSD regulatlons and policles which are
applicablie to the DSCS program and delineated by law ana/or
in the DSCS contract between GE and the government. The
contract itself Is the resource bargain between the
contractor and the government in that it specified what GE
is to do (Statement of Work) and what resources (money)
will be provided to accomplish the agreed-to program.

Theoretically, the contractor is fully accountable for
completion of the program according to the legal and
corporate requlrements and the resource bargaln. Since the
current contracts are "firm fixed price", the contractor is
responsible for providing the contracted end ltems at that
price, regardless of what the flnal costs are. In additlon,
the end-items must pass tests designed to prove they meet
all technical requirements before the government accepts .
them. and the government must be compensated for any
contractor caused schedule delays. However, in practice,

the contractor has many legal avenues of negotlation whlch
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softens this accountablllity. Schedule delays are Seldom
one-sided, costs are subject to renegotiation every time
the contract 1s modiflied, and test procedures and contracts
are often less than perfect. Consequently, the practicable
accountability Is a function of the working relatlionshlip
between the SPO and the contractor. To the extent that
knowledgeable people in government ask sufficient pointed
questions, well Informed GE officials respond with
thouahtful, thorough responses, anticlpate and discuss any
necessary unasked queries, and both parties fully comply
with the intended punishments and rewards sgspecified as a
part of the legal and corporate requirements, GE
accountability may be sufficlent.

The autonomy of SYSTEM ONE ls drastically llmlted by
government regulatlons and procedures for not only what
tasks GE ls to perform, but how they are to be conducted
as well. In addition, continual direction, clarification,
and changes steer the course of SYSTEM ONE. Therefore,
cohesion is very strong; indeed SYSTEM ONE must be very
responsive to the metasystem, on which 1s has become
dependent out of lnherent necessity: the metasystem,
rather than an independent marketplace, determines the
acceptability of SYSTEM ONE conduct and performance. Most
all the metasystemic control is conducted on the command
access; since even SYSTEM TWO activitles are perceived as

requirements, and SYSTEM THREE STAR Is used sparingly.
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The SYSTEM THREE STAR ad hoc audit function would
ideally consist of unscheduled plant-floor visits and
meetings with management personnel to make an independent
assessment of the real status of the program. This Is
virtually unheard of in the defense industry because all
visits must be announced to allow securlty access and
contractor personnel avallability. To the extent that GE
does not shelter SPO personnel from varlous people or
activities during scheduled visits (TIM’s, Program Revlews)
and fully answers the well researched questlons of the
attending SPO cadre, additional information can indeed be
gained. In addition, to the extent that AFPRO personnel
make ad hoc inquiries, on their own or in response to SPO
questions, and report thelr findings to the SPO, a more
complete picture of SYSTEM ONE performance can be obtalned.

In turn, the system-in~-focus, as a productive unit of
the next higher level of recursion, performs under the
legal and corporate requirements of SSD, AFSC, AF, and DOD
regulations, under the resource bargain of the Program
Management Directive (PMD) agreed to in the approved
Baseline for DSCS, and for which the program director is
accountable to the PEO. SSD functional staffs, AFSC
Inspector General (IG) teams, and ad hoc lnquiries from the
PEO and his staff constitute the expected THREE STAR
activities of the next higher level of recursion in

relation to the SPO. The SPO appears to have little more
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autonomy than GE, since it is governed as well by a host of
regulations and pollicies of SSD, the PEOC and AFSC, and
higher management levels. For example, any signlflcant
contracting actlion requires the review and approval of
numerous outside agencies. Because of the matrix nature of
SSD and the continual involvement of many outside agencies,
cohesion between the SPO and the next higher level of
recursion is high, again mostly communicated via the
command channel. Within the government most everything is
tasked as a requirement, with repercussions for
non-compliance, therefore SYSTEMs TWO and THREE STAR
functions are consistently perceived by both the higher
level of recursion and the SPO as command channel
activities.

SYSTEM FQUR. Primarily, engineering and program
management personnel query the environment and consider
alternative futures for the DSCS program. The program
managers are in contact with DCA and Space Command to
understand future requirements, short- and long-term, and
discuss alternative means to meet them with englneering and
operations personnel. Of current consideration for the
long-term are (1) a concept called "Normalization Space"
initiated by Space Command who Is looking to have satellite
systems turned over to them, just llke other systems are
turned over to a using command -- currently space systems

are not "normal" in that they are "owned" by systems
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command for life -- and (2> how to meet the wide band
transmission needs of DSCS users under predicted threat
scenarios in the next generation of DSCS satellites, and
whether that new generation will be a new start program or
a modification of existing DSCS III satellites. In the
short term, are actions to implement identified
modifications to the DSCS IIl satellites and to ready the
sateilites for launch, including test, transportation,
integration, and fueling. Of concern are EPA’s dlrectlion to
build a new processing faclillity at the Cape and the
existence of new fuellng safety concerns.

The balance between SYSTEMs THREE and FOUR appears
reasonable in the long term. The engineering and program
management staff are actively and iteratively involved in
both the present day-to-day and future planning. The
focus in more in the present than the future, because much
of the future will be dlctated by DCA, Space Command, the
higher levels of recursion, and ultimately Congress.
However, to the extent that alternative futures are being
considered and fully communicated to those who will define
DSCS” future so that the most informed decisions can be
made, the SPO is performing well.

However, in the short term, it appears planning is
most often Incompliete, based on incomplete lnformation, or
reactive (vice proactive) In nature -- SYSTEM THREE has

overwhelmed SYSTEM FOUR In this arena. 0Of much concern to
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SPO members was the current lack of coordinated planning and
schedul ing of contract modiflicatlon activitles within the
SPO, especlally among the contracts, contract management,
and program control dlvisions. The contracts personnel
felt that things were continually done in a last mlinute
fashion. Program control indicated that they were usually
not consulted concerning a modiflcation effort until the
effort was well under way and the proposal was about to be
received. A case [In polnt was recounted In whlich the
strategy included use of funds which could not be used for
that purpose; by the time program control was consulted and
the error was discovered much of the preparatory work of
the SPO and the contractor was complete and had to be
reaccomplished (17). It is apparent as well that there

is a disparity between the expectations of the program
management division and the actual performance of the
contracts division (17>, resulting in routine division
level schedullng and priority discussions and an
antagonistic and instable work environment for those
involved in the contracting process.

SYSTEM FIVE. The policy setter for the SPO Is the
program director. His vision for the SPO is set out as a
list of publicly displayed ohjectives (Table 4> and
experienced by every SPU member at meetings, briefings, and

during informal offlce visits of the director.

81




Table 4

SATCOM SPO Program Objectives (17)

1. Maintain Capablilities of On Orbit Constellations

Launch Rzplenishment Satellites ASAP

2

3. Build Quallty Hardware/Software on Time & Under Budget
4 Improve Systems Abillity to Survive and Operate Across
the Spectrum of Conflict

5. Develop Follow-on System to Satisfy Future Requlirements
and Survive the Threat

To the extent that his flve division chiefs recognize and
support his Inltiatlves, they wlll reinforce and be
percelved as part of SYSTEM FIVE by the SPO workers.
SYSTEM FIVE and GE are in direct contact at least weekly;
however, whether this Is adequate to provide necessary and
immediate algedonic signaling is largely dependent on the
openness of GE management -- thelr willingness to discuss
concerns frankly as soon as they come up -- to solicit the
interest, help, support, and guldance, as necessary, of the
SPO.

The mapping of the SPO onto the VSM is summarized in

Figure 9.

nt \Y)
The DSCS SPO contract modiflication process is a
complex and time consuming one which involves most all SPO
personnel. To make a preliminary assessment of the
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bottlenecks within this process and to provide a means to
identify possible measures of performance, a QFC of the
process has been derived (Figure 10).

The process begins each time SPO engineerlng (ENGR) or
integration and operations (INTGRN & OPS) identifies a
beneficlal change to the system’s design. The change 1Is
documented on an lnternal document called a Budget Line
Item Package (BLIP>, which lIncludes a descriptlon,
Justificatlon, and reason for the change, a cost estimate,
a funding profile required for the change, and approval by
the initiator‘s division chief, the program manager (PM),
program control (PGM CNTRL)>, and the program director (PD).
The prcgram director prioritizes and approves BLIPs based
on avallable funding at each blimonthly program review.

Once a BLIP Is approved, the initiator develops a SOW and
specification, designates any necessary CDRL items, and
provides the package to the contract management (KMGT)
branch which devises an acqulsition strategy and drafts an
RFP, which usually consists of a letter outlining what is
to be proposed and the attached SOW, speclflcatlon, and
CDRL. The RFP Is then signed by the Primary Contractling
Officer (PCO> and sent to GE. The GE contracting manager
issues a Program Directlve (PD) providing guidance to those
at GE who must provide input to the proposal and provides
a courtesy copy to the SPO contracting management branch

chief. If any disparity exists between the SPO’“s intent
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and the PD direction, clarification is Immediately provided
so that GE does not waste time preparling an unacceptable
proposal.

At least five days before the proposal is expected
from GE, the government team meets to discuss what proposal
Is expected, the schedule for proposal review, and any
anticipated problem areas. The government team includes
everyone who must review the proposal: The program manager,
the contracts manager, configuration (CONFIG), data,
quality assurance (QA), Air Force Plant Representative
Office (AFPRO-GE) personnel, the buyer, and one or two
technical representatives (ENGR or INTGRN & OPS>. Once the
proposal is received, each member of the review team
reviews the proposal and identifies gquestions In need of
resolution. These questions are posed to GE, elther in a
meeting (if time to award is critiral) or more usually in
writing, to which GE responds in kind, followed by a few
days of discussion. The technical evaluation of the
proposal by the government team follows, although the
most extensive evaluation |Is conducted by the technical
representatives; the contract manager consolidates the
results and obtalns approval from the contracts and program
management division chlefs (DIV CHs).

If the dollar value of the contract Is expected to be
less than $500,000, the evaluation ls forwarded to the

AFPRO for negotiatlon and contract award. Otherwise, the
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contracts division obtains pricing of the technical
proposal, by applying GE labor rates to the expected
manhours and adding profit, general and administrative
expenses, and overhead, prepares a pre-negotjiation briefing
for the SSD contracting division chief. Before he is
briefed, a Program Action Request (PAR), AFSC Form 1661,
and a Purchase Request (PR)>, AF Form 9, must be prepared
and signed, by various members of the SPO. The result of
the briefing is approval to negotlate a contract with GE up
to a certain dollar amount. Negotlations are then
conductea, face to face, with the contractor; during
negotiations, the buyer is the primary spokesperson for the
government, but other members of the team are present or on
call to provide support.

Once an agreement is reached, the buyer completes
his contract file, provides it to contracting staff who
write the contract. The contract is then reviewed by the
SSD itegal office and by a contracts staff committee.
Finally, the contract is signed by the PCO and GE, which
culminates award of the contract to GE to perform the
specified work at the agreed-to price <(17).

The frequency and extent of effort ldentified by
the QFC indicates that the contract managers and the buyers
are the most likely bottleneck areas within the process.
In addition, funding may be a bottleneck, to the extent

that there are more modification ldeas than there is money

88




Fal

to accomplish them. Also, the QFC highlights the number of
unique times each functional area must contribute to each
modification effort. Knowing that the number of contract
modifications processed by the SPO averages at one or two
each month, and that the entire process requires between
three and four months to complete under normal
circumstances in each case (17>, it is obvious that many
modifications are ongoing simultaneously, and consequently
several are on hold while any one is being worked on any
place in the process. A common understanding of the
relative Importance of each (prlority) and a continual
dialog among participants are necessary to keep the process
moving.

In Figure 10, boxes represent personnel conductling a
given functional task and the lines connecting them
represent the paperwork whlch must flow among the functlons
for each modiflication. An assessment of the amount of
paper flowlng through each box, indlicated by the thickness
of the line, would be helpful to further quantify the
process. In addition, it is assumed that each modification
must follow the exact same process -- except for the
contracts estimated to cost less than $500,000; to the
extent that exceptlons occur, the percentage of work
flowing along any particular path could al1s8c be added as

well.
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Prescription

While continuing research is necessary to gain a
complete understanding of the cybernetic forces at work
within the DSCS program offlice, several general
recommendations can be made. Speciflcally, during the
author’s data gathering, several cybernetically supported
ideas were raised by SPO members; since those within the
organization are most aware of the actual workings of the
SPO their lnputs seem the most likely place to begin a
process of continual improvement.

First, improved and continual communicatlon among the
government team members as BLIPs are prepared, to discuss
acquisition strategy, processing priority, funding,
schedule, data, and configuration impacts and requirements
for the effort is desireable. This interaction would shape
team expectations, preclude the need for rework and the
probability of any functional area being left out of the
loop or working against the planned effort, help team
members plan ahead and perhaps more easily balance thelr
workloads, and result in a more informed and participative
effort. In addition, by planning strategy as a team first,
opportunities to combine efforts might present themselves
17>,

Further, the possiblillity of limlting the paperwork
burden was an area of much discussion, the ideal of

reporting on an exception basis as discussed in chapter two
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notwithstanding. For example, the rationale for having
multiple different forms to record similar information was
discussed, especlially In the costing area. Unfortunately,
most of the requirements for funding and program data in
specific formats orlginate outside of the SPO and change
would require agreement from SSD and/or AFSC. However, one
situation within the SPO presented itself: combining the
BLIP and PAR requirements into a single effort to inltiate
a change (17).

The most desperate need seemed to be for an
intearated, but not overwhelming, computer data base. It
was reported that historlical data was difficult to obtain,
that the few separate data bases now in use (three computer
systems: Taskfile used by Techolote, PMS for the
contracting community, and the SSD/AC performance analyzer,
and GE internal system which for the most part ls not
vet computerized) do not always agree, and that data entry
and malntenance of these data bases was very time consuming
(17>. The best approach to resolve this area of dlfficulty
depends on the amount of freedom afforded the SPO. Efforts
already underway include obtaining GE C/SCSC reports on
disk to avoid re-entry of the data, use of the PMS system
by other functional areas (program control and contract
management). However, any truly Integrated and predictive
data base would have to include computer links with GE to

aliow real time reporting of anomalies in critical varliable
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performance and allow access to additional data on demand,
and others at SSD, and higher levels within the government
to which the SPO must report. Development of appropriate
measures and determination of critical varlables that can
be measured and analyzed In real time to provide for

predictive (vice hlstorical) management are considered in

the next section of this chapter.

Desian of a Cvybernetic Measurement and Analysis Tool

Presuming availability of the necessary software, by
acquisition or development, and the abllity to gather and
transmit data automatically and in real time, design of a
cybernetic measurement and analysis tool for the SPO
consists of identifylng the varlables to measure, and the
points in which processes at which to measure them. The
goals of such as system are to control SPO operations and
measure SPO and contractor performance to assess
performance and stability.

Goldratt’s theory of constraints (12:7) provides a
means to control and improve any process. By focusing
on the bottlenecks and controlling the entire process base
on the rate of the bottlenecks, the Inventory and operating
expense should decrease, while the throughput should
increase -- or In terms more famillar to the SPO: the rate
(number per unlt time) of contracts awarded should

increase, while the work walting (on hold) at any location
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for processing is decreased, and less work and time are
lost.

To develop a cybernetically based schedul ing and
measurement system, measurements of throughput, lnventory,
and operatling expense must be taken at each polnt of concern
within the process. A detalled QFC of each proéess of the
SPO would offer preliminary recommendations for measurement
points, and consideration of Goldratt’s three essentlal
measures of performance provide ideas of what to measure at
each of those points,

First, the throughput through each potential )
bottleneck must be measured daily if possible and analyzed
using statistical software described in chapter'two to
create a databank from which to determine the patterns of
processing -- identify what characteristics of an effort
dictate the length of time it takes to be processed. As
well as identifying the overall process bottlenecks (those
with the slowest rate), this analysis also provides the .
means for accurate predictlons of processing time for
future efforts and a realistic schedule for each type of
modification effort can be developed. Then every other-
step in the process must be regulated to correspond to the
rate of flow through the bottleneck(s)>. For example,
considering the process in Figure 10, the rate of BLIP

approval (which would dictate the workload for the

remainder of the functional areas) should not be allowed to
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exceed the rate at which they can be processed through the
pottieneck. Of course efforts to Increase the rate of the
bottlenecks should now be taken, made easler by an
understanding of what characteristics dictate the time to
process. QOver time, the bottlenecks should improve with
effort to the point where other areas become the
bottlenecks. Thls Is the means of contlnual Improvement of
which Goldratt speaks.

As well as controlling Its own workload in a way the
maximizes its own performance, the SPO needs to monijitor
itself as an entity (to allow assessment of its overall
performance by Its leadership and the next higher level of
recursion) on the basis of throughput, lnventory and
operating expense of the SPO (not Its parts). In the case
of Filgure 10, 1t Is llkely that such measures would Include
the time taken from BLIP approval to contract award
(throughput) including some assessment of quality to avoid
incentivizing contracting actions focused on speec alone.
Assessments of the work in process (inventory: actions in
versus actlions out? and operational expense (perhaps cost
in wasted effort, or poor morale) must also be made to
provide a through means of determining performance.
However, to track expected versus actual performance of
each critical variable, a determination of lts value of
capability and potentiality must be made as well from which

to calculate performance. The shortest time to contract
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award might be the capability measure for Figure 10, and
what management would like to see ideally could be the
measure of potentiality.

The third area of measurement interest to the SPO Is
the contractor. Remembering that the operational units are
a part of two potentially conflicting dimenslions of
recursion, two sets of measurements may be necessary. To
be aware of the motivations of GE, the SPO must regquire GE
tracking of performance developed from dally throughput,
inventory and operating expense measures of the operational
units in economlic terms (sales to the AF and ROI> and
programatic terms (cost, schedule and technical
performance), automatically, alerting SPO management only
when the analysis indicates that an instability seems
likely.

In each of these areas care must be taken in the
choice of measurements to ensure the effected people are
incentivized to perform as management intends. The bane of
many measurement systems currently in use is that the
incentives for workers contradict with the real needs of the
system and they can be manipulated by the workers to "look
good" or prove a point, rather than allow an accurate

assegsment of performance.

Summarcy

The cybernetic analysis and findings concerning the
DSCS SPO is suggestive of the method by which the
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cybernetic tools obtalned through the lliterature revlew can
be applled to the [ F acqulslition arene. The cybernetic
viabliity of the SPO seems threatened by less than optlmal
short-term planning procedures, the lack of autonomy of the
contractor and of the SPO resulting from the relative lack
of accountability which can be demanded of management under
the current acquisition system, and lack of a measurement
system with which to proactively control operations.
Resuvlts which would ilkely be found in any SPO. The means
to improve the viability of the SPO are avallabie, but
require considerable effort, creativity, and freedom from

many current legal and corporate requirements.
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V. Conclusions and Recommendations

While speclfic recommendatlons and conclusions baced
on the research of the DSCS SPO are contained within the
preceding chapter, this chapter wlll provide a more general
consideration of the beneflts and stumbling blocks in
applying cybernetic principles to the management of
government organizations, specifically AF SPOs, and provide

recuaamendations for further research.

Conclusions

The concepts and tools of cybernsilics provides a
useful theoretical basis from which to assess the current
viability of SPO organizations, recommend organizational
improvements, control current processes, and conduct
informed planning.

Specifically, the research showed that the SPO
organization can be mapped onto the VSM to diagnose the
viabllity of the current organization and prescribe
changes. Although the depth of analysis was limited by the
level of author involvement in the daily operations of the
SPO, the analysis and findings has ldentlfied several
underlying cybernetic mechanisms regponsible for current
SPO performance. The understanding gained, that the
results of the SPO are limited, or In some cases enhanced,
by the organization of the SPO, Is revolutionary and should

provide a first step toward a better understanding of the
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means to improve government management (i.e., SPO)
performance.

In additlon, the techniques of cybernetlc control were
explored, and suggestive models of their application to a
SPO process were consldered. A QFC of a process clearly
provides a structured means for understanding a process,
its bottlenecks, and its critical parameters. Cholce of
critical measures of performance and lmplementation of an
integrated data base to provide managers access to accurate
forecasts of likely changes in performance as well as full
historical reporting capabllitlies is a creative task and one
which challenges the current policles of government
acquisition, but which may also offer an achlevable
alternative to the current data overload with which SPO
management is faced. While further efforts are required to
fully develop an implement scheme within the SPO
environment, the potentlal for proactive management is
promising enough to warrant conslderable research in this
area by government personnel.

The greatest impedance to the development and
implementation of a cybernetically sound organization and
management scheme within the government is the
proliferation of current detajiled Instructions lssued at
every level of the executlve and legislative branches of
government dictating how acqulisitlion must be accompl ished

and requiring volumes of routine reports to assure each
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level that the directlion is belng followed. Unless
programs are glven the autonomy to organize and manage as
they see fit to meet their responsibilities and are held
accountable for the results, the beneflts of proactive
management will be lessened by the costs of adhering to
many cybernetically unviable dictates In concert with the

cybernetic concepts and procedures.

Recommendations

In order to develop a general means for SPOs (and
eventually other government agencies’ to implement the
cybernetic principles of organization and management
control, further research 18 requlred In several areas.

Follow-on efforts by the DSCS SPO to valldate and
verify the prelimlnary models of this research, develop
additional models for other processes as required, develop
the model for SYSTEM FOUR use, and identlfy critical
parameters to measure within the SPO and GE at crucial
points In each process of interest to the SPO would be
required before a control system could be designed. Next,
software would need to be acqulired or developed to
implement the cybernetic data gathering and analysis tool
developed by Beer, discussed in chapter two.
Implementation should be conducted prototypically to
explore the best means to implement this system for the
first time within the USAF. It Is recommended that one or
more members of the SPO conduct these efforts because of
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the detalled information required about the SPO to succeed.
However, the support of one or more cyberneticlians and
statisticians would facilitate the efforts.

In addlition, appllicatlon of the procedure presented In
this document, as well as the follow on effort descrlbed
above, should be made to other SPOs to determine the
general appllcablllity of the procedures.

The results of each Implementation should be
documented, success relative to current practice should be
assessed, and policy changes recommended at various levels
within the government to coincide more readlly with those
cybernetic constructs found useful.

I1f results prove advantageous, eventually, it should
be possible to develop an implementatlion procedure tailored
to each type of government agency and to construct software
packages which would provide a relatively simple and
straight forward means for any SPO to adopt these

techniques.
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Actuallity

Adaptabllity

Algedonlc

Amplifler

Attenuator

Attribute

Autonomy

Black Box

Bottleneck

-~

Appendjx A: Glossary of Terms

A cybernetlc measure whose value !s what
1s typlcal or expected under current
condltlions (5:292); "what we are managlng
to do now, with existing resources, under
existing constralnts: (2:163)

Abllity of an organization to change In
concert with 1t“s environment to remain
viable; *adjusting oneself to changling
condltions (3:135)

"Pertalning to regulation in a
non-analytical mode; ralising alarm"
(from the greek for pleasure and pain)
(4:134). For example, an algedonic
measure ls one of "allrlghtness" -- a
ratlo of expected to measured value
ranglng from 1.0, In which the two
values are equal and everythlng ls all
right, to 0.0, In which nothing is
(5:296)>

“"A devlice that lncreases varlety, D > "
(4:35)

"A devise that reduces varlety, AA B "
(4:35)

Any property, quallty or characteristic
of a person or thing

“"The freedom of an |mbedded subsystem to
act on 1ts own Initlatlive, but only
wlithin the framework of action determlined
by the purpose of the total system”
(4:105)

A theoretlical construct in which only
Inputs and outputs are known -- not what
goes on inslde -- reallstic approximatlion
of a complex system (e.g., baby,
corporation) (5:40)

"Resource whose capaclty lIs equal to or

less than the demand placed upon [t*
(11:137-138>

101




Capabllity

Channel Capacity

Coheslon

Comparator

Complexity

Cybernetics

Data

Dimension

Dynamic model

Fact

Feedback

Homeostasis

Homeostat

Information

Invarlant

A cybernetic measure of what 1s planned,
under current conditlons (5:292); "what
we could be dolng ... right now ... with
existing constraints, lf we really worked
at It" (2:163)

"A measure of the amount of informatlion
that can be transmitted in a given amount
of time" (4:53)

What keeps the SYSTEM ONE subsidiary
viable systems a part of the system In
focus

"A device that compares one numerlical
value with another" (4:105)

Composed of Interconnected parts;
complicated; intricate

"The science of effective organization®
(4:x1>

"Statements of fact" (5:283)

One facet of a system, for which there is
a set of recurslions

Model of time-varylng Interactlions (9:50)

"That which ls the case...lncorporates
requisite variety" (5:282>

Information provided to system inputs and
processes regarding lts output (4:107)
"so as to modify its input" (4:105)

State of equlilibrium (1:84) or "batancing
through requisite variety" (4:29)

A control device which reccgnizes and
corrects threats to the system not
consldered by the designer, eg. engine
governor (3:2%90)

Actlion generating facts or "that which
changes us" (5:283)

"A factor In a compllicated sltuation that
Is unaffected by all the changes
surrounding It (such as the speed of
light or pl)" (4:17)
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Inventory "All the money that the system has
Invested In purchasing things which it
intends to sell" (11:59)

Latency *The ratio of capability to potentiality"
(5:293)
Metasystem "A gystem ‘over and beyond’ a system of

lower loglical order" (5:134)
Model A descriptlon of a system (18:4)

Multlvariate Involving more than two Independent
variables (15:5)

Noise A "meaningless jumble of slgnals" (5:283)

Operating Expense "Money the system spends in order to turn
inventory into throughput: (11:60)

Oscillation "Falling to settle down in homeostatic
equilibrium, a dynamic system
over-corrects itself continuously" (4:71)

Pacvameter “Defining characteristics" of a function
or population (15:362)

Performance *Ratio of actuality to potentiality"
(5:293) and the "product of latency and
productlivity" (2:163)

Population "Any well-defined collection of things"
(15:9
Potentiality A cybernetic measure of what could be

done [f changes were made to current
operations (5:292); "What we ought to be
doing by developlng our resources and
removing constraints, although stiil
operating withln the bounds of what is
already known to be feaslble" (2:163)

Productivity *Ratio of actuallty to capabllity" (5:293)

Ratio A dimenslionless measure which allows
comparlson among dissimilar processes or
gsystems

Recursiveness “Principle of organizational and

interactional invariance" (5:73); every
viable system contains and is contalned
in other viable systems (5:308)>
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Requisite Variety

Sel f-Reference

Simulation

Stability

State

System

Time Series

Throughput

Transclent

Transducer

Variety

Viable

The variety a system needs to absorb the
complexity with which it Is faced (2:392)

"Property of a system whose loglic closes
in on itself; each part makes sense
precisely iIn terms of the other parts:
the whole deflines itself" (4:17)

*Process of designing a mathematical-
logical model of a real system and
experimenting with this model on a
computer" (18:6)

Retalning a state of equilibrium; in
control

Condition; defined by values of the
system’s varliables

"A group of elements dynamically related
in time according to some coherent
pattern" (5:7)

A two dimensional plot of a variable’s
value over time, the magnitude of the
varliable plotted on the vertical axis
agalnst the time after some arblitrary
gtart time on the horizontal axis --
Statlistical Process Control technlique.

*The rate at which the system generates
money through sales" (11:59)

System behavior which changes In
character over time (9:51)

*Encodes or decodes a message whenever jt
crosses a system boundary -- and
therefore needs a different mode of
expression" (4:53)

Measurement of complexity; number of
possible states of a system (5:32)

"Able to malntain a separate existence"
C4:17)
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Appendix B: SPO Documentation and Interviews

Interviews:

1.

Levinson, Capt Julia. Chief, SATCOM Program Office
Contract Management Branch. Telephone Interview. Space
Systems Division, Los Angeles AFB CA, 4 Sep 89.

Grant, Lt Col, Capt Levinson, Lt Ho, et al. SATCOM
Program Office. Personal Interviews. Space Systems
Division, Los Angeles AFB, CA, 18 Sep 89.

Levinson, Capt Jullia. Chief SATCOM Program QOfflice
Contract Management Branch. Telephone Interview. Space
Systems Divislon, Los Angeles AFB, CA, 13 Mar 90.

Levinson, Capt, Lt Folk, Ms Martin, et al. SATCOM
Program Office. Personal Interviews. Space Systems
Division, Los Angeles, AFB, CA, 3 - 4 Apr 90.

McDanliel, Capt Jay, Maj BJ Jones, Capt Levison. SATCOM
Program Office. Telephone Interviews. Space Systems
Division, Los Angeles AFB, CA, 19 Apr 90.

Documentation:

1.

Department of the Alr Force.
SSD/MH OI 14-1. Los Angeles AFB CA: HQ AFSC,
19 Jan 90.

*DSCS 111 A&B DAES Report", SATCOM Program Office,
Space Systems Division, Los Angeles AFB CA, Apr 89.

*DSCS II1 Schedule Data Base Report®. Techolote
Research Corporation, Manhattan Beach CA, undated.

"DSCS 111 MYP IABS Cost Performance Report',
Astro-Space Division, General Electric Corporatlon,
Valley Forge PA, Feb 90.

"DSCS I1I Schedule Management Monthly Progress
Report®. Techolote Research Corporation, Manhattan
Beach CA, Jun 90.

"DSCS 111 Selected Acqulisition Report", Space Systems
Division, Los Angeles AFB CA, 20 Jan 89.

"DSCS 111 Unit Cost Report", Space Systems Division,
Los Angeles AFB CA, 5 Jun 89.
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10.

11,

12.

13.

14.

16.

17.

18.

19.

“IABS Work Breakdown Structure’, SATCOM Program Office,
Space Systems Divislion, Los Angeles AFB CA, undated.

Levinson, Capt Julia. Chief, Contract Management
Branch, SATCOM Program Office. "Government Contract
Modification Process", 3 briefing slides, unpublished,
Space Systems Division, Los Angeles AFB CA, undated.

Martin, Glorla. "Monthly BMR/EIS Data Submlisslons",
SATCOM Program QOffice, Space Systems Divislion, Los
Angeles AFB CA, 14 August 1989.

McDaniel, Capt Jay. Memo for Record. "Actlon Items:
DSCS 111 Management Meetlngs, Jan 90", Space Systems
Divislon, Los Angeles AFB CA, 22 January 1990.

Palmer, AJ. " Request for Proposal, Satelllte
Reactivation, Contract F04701-84-C-0072". Space Systems
Division, Los Angeles AFB CA, 18 May 1989.

Purdy. Col Stephen. "DSCS III Program Orientation".
Unpubl ished briefing, 1988.

Rejid, D. Program Directive, “Satellite Reactivation

Proposal Update #3". Space Systems Division, General
Electric Corporation. Valley Forge PA, 27 February
1990.

SATCOM Program QOffice, Space Systems Division. Air
Force Systems Command. Memorandum of Agreement with
Air Force Plant Representative Office (AFPRO)>, General
Electric Co, Det 38. Los Angeles AFB CA, 15 August
1988.

Space Systems Division, Air Force Systems Command.
"Buyer”s Actlons In Progress Report", SATCOM Program
Office, Los Angeles AFB CA, 23 August 1989.

Space Systems Dlvision, Alr Force Systems Command.
"Program Management Plan for DSCS", Los Angeles AFB
CA, June 1988.

Space Systems Division. Alr Force Systems Command.
"SATCOM SPO Ongolng and Future Acqulislitions",
unpubl ished report, Los Angeles AFB CA, 14 May 1990.

Space Systems Division, Alr Force Systems Command.
"SOW CDRL Matrix", Atch 6, 18, 19, 21 to Contract
F04701-84-C-0072 with General Electric Corporation.
Los Angeles AFB CA.
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20.

21.

' d

"Taskfile Report Contract Modification Schedule", for

SATCOM Program Offlce, Space Systems Division, Los
Angeles AFB CA. Techolote Corporation, 29 August 1989.

Walker, Col Donald, SATCOM Program Director. "Revised

Acquisitlion Program Basellne for DSCS", draft, Space
Systems Division, Los Angeles AFB CA, 18 July 1988.
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10.

11.

12.

13.

14,
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